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Action Current Study of Contraction- 
Movement Relationships in Golf Stroke 


By ArtHuR T. SLATER-HAMMEL 
Indiana University 
Bloomington, Indiana 
(Submitted for publication March, 1948) 


INTRODUCTION 


HE discrepancies between experimental analysis and the tradi- 

- tional analysis of contraction-movement relationships constitute 
some of the major problems that confront the student of kines- 

iology. These analyses often leave the student with what appears to 
be two sets of contradictory material or factual truths. For any given 
individual at any given instance there can be, however, only one set 
of factual truths regarding contraction-movement relationships. 
These truths can be based only upon the empirical facts of observa- 
tion and experimentation, and it is suggested that neither the method- 
ology nor the basic data of traditional kinesiological analysis is sufh- 
cient to establish a factual truth. 

An examination of traditional kinesiological procedures will 
reveal that logically these analyses can be accounted no more than 
theoretical reconstructions. The basic data of the analyses are the 
formulations of contraction-movement relationships as presented by 
anatomists. These relationships, based on the points of muscular 
attachment and lines of pull, become the units or building blocks with 
which complex human skills are reconstructed. By observation of a 
similarity between some phase or aspect of a skilled movement and 
one of these units, the contraction-movement relationships are de- 
duced. In short, the methodology of the traditional kinesiology can 
be said to be a form of analogical deduction.2 There can be, of 
course, no objections to deductive procedures as such; deductions 
have an important role in scientific progress. However, until a deduc- 
tion is tested by ample evidence from observation or experiment it 
must logically remain a hypothesis, a speculation. 

The traditional analyses simply constitute the first step in a 
scientific program. These analyses, based upon an intimate knowledge 
of anatomy and mechanics, present the logical possibilities of con- 
traction-movement relationships. It is to be emphasized that these 


mtal work covered in this paper was completed in the De- 


1The experime 
- partment of Physical Education, State University of Iowa. R. H. Stetson of 


the department of psychology of Oberlin College, provided most of the appara- 
tus and rendered much valuable assistance. 

2This is especially true in the high-speed skills of throwing, striking, 

, running, The very nature of these skills just about 


jumping, etc. 
the possibility of determining muscle action by palpation. 
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analyses simply state what relationships may obtain. The actual rela- 
tionships can be determined only by observation and experiment. 

The discrepancies between experimental analysis and traditional 
analysis indicate that the basic data of the latter do not constitute 
an adequate notation for deriving precise contraction-movement re- 
lationships. It also indicates an urgent need for experimental veri- 
fication of the latter analyses. This study, in part, represents an ex- 
perimental determination of the extent to which the coordinations of 
a group of better than average golfers conform to the formulations 
of the traditional analysis. 

A second purpose of this study was to obtain data relative to the 
driving contractions of the golf stroke. The experimental evidence 
has indicated that skillful performance of rapid reciprocal movements 
involving the fingers, hand, arm, leg, and trunk exhibit a momentum 
phase and are thus ballistic in nature (1, 3, 4, 5, 6, 7, 8, 9, 10, 12, 14, 
15, 16, 17, 18, 19, 20, 21, 22). There is, however, little experimental 
evidence on the nature of contraction-movement relationships of 
high-speed skills that can be said to culminate in a single blow, e.g., 
the baseball throw, golf stroke, tennis drive, etc. The traditional 
kinesiological analyses of these activities generally assume that the 
driving contractions occur throughout the entire movement excursion. 
At least one experimental study, on the other hand, suggests the 
high-speed stroke or blow is essentially ballistic. Stetson and Bou- 
man (18), for example, found that in the rapid performance of a 
single tapping stroke the driving contractions were ballistic. This 
study is a further investigation into the contraction-movement rela- 
tionships of skills involving the delivery of a single blow. 


EXPERIMENTAL METHOD 

The action-current technique was used to provide a direct phys- 
iological measurement of muscle contraction. Simultaneous record- 
ing of action currents and movement excursions, as described below, 
made it possible to study contraction incidence in relation to move- 
ment excursion. The muscles investigated were the lateral head tri- 
ceps brachii, and long head triceps brachii; short head biceps brachii, 
and long head biceps brachii; anterior deltoid, medial deltoid, and 
posterior deltoid; latissimus dorsi; and the pectoralis major on both 
left and right sides. 

Four male subjects were used in the experiment, two of whom 
were members of the University of Iowa physical education depart- 
ment, and two of whom were graduate students in physical education. 
All subjects had had several years’ playing experience and could be 
considered “good” performers. No subject was experienced in the 
laboratory procedures of this general type. 

The records obtained gave a movement tracing of the golf 
stroke, the instant of ball contact, and the incidence of muscular 
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contraction. In reading the records, the beginning of the back stroke 
was taken as the zero reference point, All measurements were made 
as occurring forward in time from this reference point. 
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Fic. 1. Representative Record of Golf Stroke. Con.—Contact of golf club 
with ball. I.H. Triceps—Action currents from long head of right triceps. 
O.H. Triceps—Action currents from lateral head of right triceps brachii. 
While lateral head shows increased tension during the entire movement com- 
plex, the contraction envelope is clear. Such tension changes often occurred 
for.as long as a minute after completion of the stroke. To call these tension 
changes part of the contraction would necessitate having a contraction long 
after the completion of a stroke and while the arm was at rest. Mvt.—Trac- 
ing of movement of golf club head. Upward movement of tracing indicates 
upward movement of golf club. In this record the movement line was at- 
tached to the golf club head. Vibration of club shaft during the drive and 
follow through so distorted the record that it was necessary to keep attach- 
ment at upper end of club. Time—Time in .02 sec. 


Apparatus.—Polygraph records of the general type shown in 
Figure 1 were used throughout the study. Recording was done on a 
Teledeltos Polygraph which has been described by Snodgrass (13). 

The path of the movement was recorded by means of a light 
glass thread-and-rubber band system (1, 16). One end of the thread 
was attached to the club shaft just below the grip, and the other end 
was attached to a rubber band. This maintained a light tension on the 
system and allowed a marker on the thread to follow the movement. 
Glass beads kept the axis of the movement-recording system parallel 
with the axis of the polygraph. The recording was mechanically re- 
duced by inserting a length of rubber band between the subject and 
the marker. Calibration of the system showed a lag of approxi- 
mately .02 seconds. 


Action currents from muscles were recorded on the same record. 
Detailed descriptions of action current recording techniques and ap- 
paratus may be found elsewhere (2, 6, 7, 14, 18). 


A photo-electric system was used to record the contact of golf 
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club with ball during the stroke. Before each stroke the ball was 
placed upon a small mound of clay so that it interrupted a light beam. 
A 1.5 cm. displacement of the ball activated the photo-electric system 
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Fic. 2. Contraction-Movement Relationships for Golf Stroke. L. Arm— 
Left arm. R. Arm—Right arm. S. Bic.—Short head biceps brachii. L. Bic.— 
Long head biceps brachii. La. Tri—Lateral head trieeps brachii. L. Tri— 
Long head triceps brachii. A. Del—Anterior portion deltoid. M. Del.— 
Medial portion deltoid. L. Lat—Left latissimus dorsi. L. Pec.—Left pec- 


toralis major. R. Lat.—Right latissimus dorsi. R. Pec—Right pectoralis q 
major. 
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a Fic. 3. Contraction-Movement Relationships for Golf Stroke. L. Arm— 
ie Left arm. R. Arm—Right arm. S. Bic.—Short head biceps brachii. L. Bic.— 
4 Long head biceps brachii. La. Tri—Lateral head triceps brachii. L. Tri— 
f, Long head triceps brachii. A. Del.—Anterior portion deltoid. M. Del——Medial 
VE} portion deltoid. L. Lat—Left latissimus dorsi. L. Pec—Left pectoralis major. 

R. Lat.—Right latissimus dorsi. R. Pec.—Right pectoralis major. 

1 which operated a mechanical relay. Calibration of the relay showed 
; 8This procedure made for a slight lag in recording the instant of ball 


; however, an error of 1.5 cm. in a movement arc with a radius of 
over six feet was well within the limits of accuracy for reading the records. 
— , the contact recording line of the golf stroke records repre- 
sents instant at which the club had carried the ball 1.5 cm. 
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a lag of .045 seconds. The limitations of the laboratory made it 
necessary to substitute a small fleece wool ball for the regulation 
golf ball. To check the possible effects of a lighter ball upon muscle 
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Fic. 4. Contraction-Movement Relationships for Golf Stroke. L. Arm— 
Left arm. R. Arm—Right arm. S. Bic.—Short head biceps brachii. L. Bic. 
—Long head biceps brachii. La. Tri—Lateral head triceps brachii. L. Tri— 
Long head triceps brachii. A. Del—Anterior portion deltoid. M. Del.—Medial 
portion deltoid. L. Lat.—Left latissimus dorsi. L. Pec—Left pectoralis 
major. R. Lat.—Right latissimus dorsi. R. Pec——Right pectoralis major 
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contraction patterns, a preliminary investigation was made using a 
soft clay ball weighing as much as a golf ball. No measurable dif 
ference was found. 
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Fic. 5. Contraction-Movement Relationships for Golf Stroke. L. Arm— 
Left arm. R. Arm—Right arm. S. Bic.—Short head biceps brachii. L. Bic. 
—Long head biceps brachii. La. Tri—Lateral head triceps brachii. L. Tri— 
Long head triceps brachii. A. Del.—Anterior portion deltoid. M. Del_—Medial 
portion deltoid. L. Lat.—Left latissimus dorsi. L. Pec.—Left pectoralis major. 
R. Lat—Right latissimus dorsi. R .Pec.—Right pectoralis major. 
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Two section current lines were used in the experiment. In ad- 
justing the amplification, no attempt was made to balance the record- 
ing lines; variations at the electrodes render such efforts meaning- 
less. While it is to be emphasized that generally no direct quantita- 
tive comparisons of muscle contraction intensity can be made from 
one recording line to another, it was possible, however, to make some 
comparisons during a recording period by changing the input plugs 
to the pre-amplifiers. In most instances, the quantitative comparisons 
made in this study are relative and based on differences within a 
single recording line and for a single run.* 


RESULTS 
The data obtained from the subjects used in the golf stroke 
have been summarized in Figures 2, 3, 4, 5. Six hundred records 
were measured and the contraction-movement relationship presented 
represent modal values for at least five recordings from each muscle. 


For the individual subject, there was little variation in contrac- 
tion-movement relationships from one stroke to another. This would 
seem to indicate that the strokes were well developed habit patterns.® 


Differences Between Experimental and Traditional Kinesiologt- 
cal Analysis—Among the most obvious features of the data pre- 
sented in this study are the many points of disagreement with the 
traditional kinesiological analysis of the golf stroke. Since these 
differences may be obtained by inspection of the above figures, a 
detailed description hardly seems justified. The following points, 
however, are worthy of emphasis: 


1. A comparison of contraction-movement relationships between 
subjects shows wide variations in timing and general coordination. 
For most muscles under investigation, the variations were extensive 
enough to preclude the formulation of any one statement which could 
be considered an accurate kinesiological analysis of the golf stroke. 


2. The partite muscles do not necessarily function as a unit.® 


3. In the traditional analysis it often has been stated, or at least 
implied, that the musculature of the left shoulder initiates and does 
most of the work in the drive. This cannot be said to be true for the 
subjects of this experiment. The experimental data indicate that the 
drive is initiated in the right arm. Nor can it be said that the right 
arm functioned merely as a guide during the drive; powerful con- 


4The relationships between the mechanical aspects of muscle activity and 
the electrical output has been shown to be substantially linear for striated 
muscles (18, 19). 

5Records taken on several subjects with little or no experience in this 
stroke showed extensive variation from stroke to stroke. The general tendency 
was to have contractions appear throughout the entire stroke, with the heavy 
pulses varying from stroke to stroke. 


6The differential action of similar muscles has been recently discussed 
by McCloy (11). 
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tractions of the right pectoralis major and latissimus dorsi propelled 
the arm during the downward swing. In most subjects the posterior 
fibers of the left deltoid did not begin contracting until after the arm 
was well beyond the latter half of the drive. Contraction in other 
parts of the deltoid did not occur until shortly before ball contact. 
No subject showed contractions of the left latissimus dorsi during 
iq the drive. 


Nature of Driving Contractions.—In previous contraction-move- 
ment studies that utilized the techniques followed in this study, the 
movements involved were relatively simple and were generally con- 
: fined to a single plane. Under these conditions the movement record- 
t ing was taken in the plane of the movement and gave a reasonably 

. accurate picture of duration and velocity changes during an excur- 

i sion. The method of recording action currents simultaneously with 

. a tracing of the movement made it possible to correlate muscle action 
f with the velocity changes of a movement. 


SES SP TIT Bei te 








7 elles ~ rant 


t The conditions of this investigation are somewhat different. The 
| golf stroke, for example, is an exceedingly complex excursion which 
generally takes place in three planes. The movement recording sys- 
tem used in this investigation recorded mainly vertical motion, and 
the tracing obtained was actually a projection of the stroke. While 
a projection recording may preclude the possibility of correlating 
the incidence of muscular contraction with the velocity changes of a 
limb, it was felt that this procedure did not completely vitiate any 
analysis. The tracings do record the beginning of the stroke and the 
instant of ball contact. With these reference points it is possible to 
make a tentative determination of the probable driving muscles. As 
for the classification of the golf stroke, it was hoped that the general 
! muscle action would provide some clues. 


Using the reference points described above, an examination of 
the data (Figures 2-5) shows that the following muscles act over 
t some portion of the driving phase of the stroke; 


Triceps brachii, right arm all subjects 
Triceps brachii, left arm all subjects 
Right latissimus dorsi all subjects 
Right pectoralis major three subjects 
i Posterior deltoid, right arm three subjects 
it Posterior deltoid, left arm one subject 
of Biceps brachii, right arm one subject 


On the basis of the general line of pull of these muscles, it seems 
probable that only the triceps of the right arm, triceps of the left 
arm, right latissimus dorsi, right pectoralis major, and the posterior 
fibers of the left deltoid contribute to the acceleration of the limbs 
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and club.? The posterior fibers of the right deltoid and the right 
biceps brachii probably function in a synergistic capacity. 


Although all subjects show contractions from the right and left 
triceps during the drive stroke, there are extensive variations from 
subject to subject. It seems probable, however, that over the first 
part of the drive the triceps extends the arm and thus contributes 
to acceleration of the club. After extension of the arms, it is prob- 
able that the muscle action serves to keep the arms extended during 
the swing. In general, the triceps appears to function first in a driv- 
ing and then in a supporting capacity. 


All subjects show strong action of the right latissimus dorsi 
during the drive. The action of the latissimus is generally confined 
to the first half or two-thirds of the stroke; in this respect the con- 
traction-movement relationships can be said to be like those of the 
typcial ballistic movement. 


In all subjects mild contractions of the posterior fibers of the 
left deltoid generally commenced during the latter portion of the 
drive and continued into the follow-through. The late action of these 
fibers makes it obvious that the contractions do not contribute to the 
early rapid acceleration of the limbs and club. 

In general, contractions of the right pectoralis major tend to 


occur sometime after the start of the drive and continue up to or 
beyond ball impact. 


From the data of this experiment it would seem impossible to 
fit the golf stroke into the rubric of movement types. Analysis of the 
golf stroke indicates that the presumable driving muscles are in 
various stages of contraction and relaxation during the drive. Con- 
tractions from some of the presumable driving muscles are confined 
to the first part of the drive and are like the contractions of ballistic 
movements. Other muscles commence contractions well after the 
start of the drive and may drop out before ball contact, at ball 
contact, or during some phase of the follow through. There is ex- 
tensive overlapping of contractions with the result that some muscle 
action occurs throughout the entire drive. 


If one considers the total muscle action, it would appear that 
some positive muscular force acted throughout the drive phase of 
the stroke. This would indicate a movement of the non-ballistic type. 
It is also evident that the coordinations of the presumable driving 
muscles are quite unlike those of the traditional kinesiological analysis. 


7TThis analysis does not presume to be exhaustive. The data simply rep- 


resent a determination of the probable driving muscles from a p of 
muscles accessible to experimental investigation. A detailed analyats would 
undoubtedly show that the ey ae the and 


club includes muscles involved in snap” along with the deeper and 


less accessible muscles of the arm-trunk complex. 
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DISCUSSION OF RESULTS 


For most of the muscles under investigation, the variations were 
extensive enough to preclude the formulation of any general state- 
ment that could be considered an accurate kinesiological analysis of 
the golf stroke. While the diversity of coordinations to accomplish 
the same functional end-result may at first seem without reason, | 
there are several possible explanations. Individual differences in the 
size and distribution of muscles about a joint would conceivably re- 
sult in different timing relationships. Variations in posture which 
change the line of muscular pull would result in different coordina- 
tions. Furthermore, a complex movement involves a large number 
of muscles and provides the possibility of different coordinations in 
the accomplishment of a movement sequence. In view of these pos- 
sibilities and the common observation of the almost infinite individual 
variations in the performance of almost every human action, the ex- 
perimental data would seem to indicate the impracticability of at- 
tempting to legislate any single or particular pattern of contraction- 
movement coordinations as being an accurate description of events 
occurring in the golf stroke. 


Since experimental procedures did not permit a correlation of 
the contraction incidence with velocity changes, the true significance 
of the contraction-movement coordinations of the presumable driving 
muscles cannot be determined. On the basis of contraction incidence 
alone, it would appear that some positive muscular force acted 
throughout the drive. However, the mere fact of contractions 
throughout the drive may not represent positive muscle action up to 
the instant of ball contact. It is possible that the presumable driving 
muscles do not contract fast enough to exert continuous force on the 
limbs and that some part of the contractions simply function to take 
up muscle slack. During the latter part of the drive, the points of 
muscle attachment are being brought together rapidly, and to exert 
continuous force upon the limbs it would seem that a muscle must 
necessarily contract at an extremely high and continuously increas- 
ing rate. The action currents give no such curves of contraction. 
The fact that some of the presumable driving muscles contract well 
into the follow-through, when the limbs are decelerating, suggests 
that the moving limb outruns the muscle contractions. This, however, 
is simply a hypothesis and is in need of critical investigation. 


While it is recognized that the scope of this investigation was 
too limited for any sweeping generalizations on the coordinations 
involved in the golf stroke, it is suggested that the experimental data 
do question many aspects of the traditional kinesiological analyses. 
When even so few as four subjects consistently indicate that the 
down stroke of the golf drive is initiated and driven by certain 
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muscles of the right arm, the time has arrived for traditional kines- 
jological analyses to seek experimental support for statements put- 
ting the initiating and driving force in the same muscles of the left 
arm. This can be said for other points of disagreement between ex- 
perimental and traditional kinesiological analyses. 


SUMMARY 


Some contraction-movement relationships of the golf stroke 
were studied. By recording simultaneous action currents and move- 
ment tracings, it. became possible to determine the incidence of muscle 
contraction and the probable function of each muscle. 


The experimental results indicate that: 


1. The contraction-movement relationships for the subjects of 
this experiment often vary widely from those postulated by the 
traditional kinesiological analysis. 


2. While the contraction-movement coordinations of the indi- 
vidual subject proved to be surprisingly consistent, a comparison be- 
tween subjects showed wide variations in timing and general coordi- 
nation. For most of the muscles under consideration, the variations 
were extensive enough to. preclude the formulation of any single 
statement which could be considered an accurate kinesiological ana- 
lysis of the golf stroke. 


3. From eighteen accessible muscles or muscle parts around both 
shoulder joints, it would seem that only the triceps brachii of right 
arm, triceps brachii of left arm, right latissimus dorsi, right pec- 
toralis major, and posterior fibers of the left deltoid contribute to 
acceleration of the gelf club. 


4. Analysis on the basis of contraction incidence of presumable 
driving muscles alone seems to indicate that the golf drive is of the 
non-ballistic type. While some of the muscles act only over the first 
portion of the drive and are like contractions of the ballistic move- 
ment, other muscles commence action at various times after the 
start of the drive and continue up to or beyond impact. There appears 
to be extensive overlapping of contractions with the result that some 
muscle action occurs throughout the entire drive. Since experimental 
procedures did not permit a correlation of contraction incidence with 


velocity changes, the precise significance of the results cannot be 
stated. 
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Marking in College Physical Education 


Activities ? 
By D. W. Hatvapay 


University of Florida 
Gainesville 
(Submitted for publication March, 1948) 


INTRODUCTION 


HE problem of evaluating the work of individual students 
é engaged in physical education activities is highly controversial 

and the practices employed are extremely varied. There is a 
great deal of dissatisfaction expressed against the use of marks 
in the entire field of education and their limitations are well known 
and critically viewed by teachers and pupils alike. It appears, how- 
ever, that regardless of the dissatisfaction which exists, no satis- 
factory substitute has yet been found for the practice of marking. 


PURPOSE 


The purpose of this paper is to present a summary of marking 
practices now employed in some college and university physical 
education activity courses. 


PROCEDURE 

-A questionnaire* was sent to a representative group of ac- 
credited colleges and universities throughout the nation, The selec- 
tion of this group was determined as follows: (1) a group of twenty- 
five colleges and universities in the state of California; (2) a selec- 
tion of one state university, a state teacher’s college or the equiva- 
lent, and one private college or university from each remaining 
state; (3) eighteen Negro institutions; (4) the Universities of 
Alaska, Hawaii, and Puerto Rico, the United States Military Aca- 
demy, and the United States Naval Academy. 

Because several states do not have the number of accredited 
institutions as described, the writer selected additional schools from 
the District of Columbia, Illinois, New York, Ohio, and Penn- 
sylvania. One hundred and ten returned questionnaires provide 
the basis for the data presented. 


RESULTS OF THE STUDY 
The system of marks employed by the various institutions 


*A copy of this questionnaire will be found at end of article. 
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were as follows: (1) 20 schools use the pass or fail system; (2) 84 
schools use the symbol system of A,.B, C, D, and F or the equiva- 
lent; (3) 4 schools use a system of numbers, i.e., 60-99 inclusive or 
1-100 inclusive; (4) 1 school employs a “credit” or “non-credit”’ 
system; (5) one school does not inform the student of his progress, 
and therefore no system of reporting marks is employed. 


Factors considered in determining an individual's semester 
or final mark were selected and the individual institutions~ were 
requested to indicate the weight .accorded these factors. The fac- 
tors considered were as follows: attitude, attendance, costume, daily 
work, effort, healthmanship, iniprovement, oral examination, per- 
formance examination, skill, written examination and other factors 
not listed. 


An analysis of these data indicated that the weight accorded 
the various factors was extremely varied. The only similar cases 
of weight given to factors were: (1) 3 schools which devoted one 
hundred percent to attendance; (2) 2 schools which gave one-third 
each for daily work, skill, and written examinations; (3) 2 schools 
which accorded the same‘weight to attitude, attendance, effort, im- 
provement, and skill. 


In the following table, a summary of this information illustrates 
the distribution of weight as reported by the responding institutions. 


TABLE I 
WetcuHt Accorpep To Factors Usep In DETERMINING STUDENTS’ MARKS 


Number of Schools Reporting 


2 a ef 
“ r— Pee 
: E es - § § 3 a 
L =| re) ; = 7) K 
Weight ; 2s “ ~~ 2 5 = E Y 8 ‘ 
in 5 § Qos ae Bo 8 S. Be wong 
2 r= sae 
Percent < < 5 A of 5 6 Py a = (e) 
0 41 34 & 63 65: 90 59 99 55 41 63 109 
1 — 10 3] @: W. A Re ae 5:31.16 48 
il — 30 + ae 12 11 4 .a 2 aye 1 
31— 50 4°49 6 1 3 iS te 7 
51 — 70 2 1 4 
7i1i— 9 1] 3 2 2 
91 — 100 3 1 
Factors 
considered 
but weight 16 14 10 10°10 :1! 7 q+ 9 gs 7 


not specified 


Total 110 110 110 110 110 110 110 110 110 110 110 110 
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Table I indicates that the majority of respondents gave weight 
to a number of factors when considering the final semester mark. 
Four institutions indicated that only one factor determines this; 
nine institutions indicated that two factors are considered ; and fifteen 
institutions indicated that three factors are taken into consideration. 
Of those which consider three or less factors, attendance, perform- 
ance examinations, and skill measured subjectively are the items 
most frequently used in determining the mark of a student. The 
remaining eighty-two respondents varied from a consideration of 
four to eleven factors. 


The type of examinations that are conducted by the institu- 
tions is presented in Table II. 


TABLE II 

Type oF EXAMINATION EMPLOYED BY QUESTIONNAIRE RESPONDENTS 
Examination Number of Schools Reporting 

A 9 

B 28 

C 0 

A and B 46 

A and C 0 

B and C 2 

A, B, and C 8 

None 17 

Total 110 


A refers to the written examination. 
B refers to the performance examination. 
C refers to the oral examination. 


The performance type of examination, or “B,” is the most 
widely employed either singly or in combination. The oral examina- 
tion, or “C,” is not employed singly by any of the respondents. 
Those institutions using a combination of any two of the three 
suggested examinations employ the written and performance types, 
or “A” and “B,” almost to the exclusion of any other possible com- 
bination of two. Eight institutions reported the use of all three 
examinations while seventeen indicated that no examination is 
employed as a basis in determining the mark of a student. 


The responding institutions indicated thirty-one activities were 
tested by one or more of the three types of examinations. The per- 
formance examination was employed in 242 instances; the written 
examination was employed in 192 instances; the oral examination 
was employed in 12 instances. 

Remarks accompanying the returned questionnaires indicated 
that the written examination is used primarily to test knowledge 
of rules. Comments concerning the performance examination indi- 
cate that this type is employed primarily as a means of determining 
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and testing individual skills and proficiency in individual activities 
and team sports. 

Table III presents the information as to the criteria on which 
the student is marked. Space was provided on the questionnaire for 
other considerations, but none was listed. The writer assumes, then, 
that these criteria are most commonly used by colleges and universi- 
ties. 


TABLE III 
CRITERIA ON WuicH StupENT Is MARKED 
Criteria Number of Schools Reporting 
A 16 
B 17 
Cc 24 
A and B 3 
A and C 16 
B and C 10 - 
A, B, and C 10: 
None 9. 
Total 110 


A refers to student’s standing with reference to the class. 


B refers to student’s standing with reference to an established skill or 
record. 


C refers to the degree to which the student has approached his own maxi- 
mum possibilities. 


Criterion “C” received the greatest frequency among those 
respondents who indicated only one criterion was considered. There 
is a fairly even distribution of the combination of criteria with 
group “A and C” receiving more use than any other group. 

A final consideration was the comparison of the distribution 
of physical education marks with the general distribution of marks 
in academic subjects within the institution. Fifty-five respondents 
indicated that the distribution of marks in physical education ac- 
tivities is the same as in other courses offered. Thirty-five replies 
indicated that the distribution contains more high marks than the 
general distribution of marks within the particular institution. 
Eight indicated that marks reported in physical education activities 
are lower than the general distribution of marks in other subjects. 
Twelve respondents did not complete this section. 


SUMMARY 
Specifically, the results of this study are as follows: 


1. The majority of questionnaire respondents, or 84 institu- 
tions, use the A, B, C, D, and F method, or the equivalent, for re- 
porting marks for physical education. 


2. The weight accorded to the factors considered in determin- 
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ing marks (Table I) indicates that the majority of the institutions 
employ a number of factors when reporting the final mark. 

3. Forty-six institutions employ a combination of written and 
performance examinations (Table II]) in determining the mark 
of a student. Twenty-eight institutions reported the use of the 
performance examination while the oral examination is employed 
only eight times and then in combination with the other two. 

4. Marking the student upon the basis of the degree to which he 
has approached his own maximum possibilities was found to be 
employed a slightly greater number of times than either of the 
other two criteria. 


CONCLUSIONS 

In conclusion, the results of this study indicate an amazing 
degree of variation, confusion, and contradiction in regard to theory 
and practice in marking physical education activities. This is il- 
lustrated by the fact that, no two institutions considered in this 
study follow the same procedure in determining a student’s mark. 
It is impossible, therefore, to determine from this information a 
basis for a reasonable evaluation of the work of students engaged 
in physical education activities. 


RECOMMENDATIONS 

As a result of the findings of. this study it seems reasonable 
to recommend that this problem should be studied by a committee 
composed of leaders in the field of physical education and spon- 
sored by the College Physical Education Association. The purpose 
of this committee would be to make a scientific study of this problem 
in an attempt to formulate a generally acceptable plan of marking 
men students in physical education activities. It is to be hoped that 
other approaches to this problem will be found in order to reach a 
solution that would be educationally and scientifically sound and 
defensible. 

This study brought to attention the following considerations 
which a committee investigating the problem might take into ac- 
count. 

1. The purpose of marks in the physical education program 
at the college level. 

2. The relationship of objectives of the college program of 
physical education and marks. 

3. The determination of the most adequate devices of measure- 
ment and evaluation. 

4. The criteria on which to base marks. 

5. The acceptance of either the relative or the absolute method 
of awarding marks. by es 

6. Determining the most effective method of reporting marks, 
ie., A, B, C, D, and F or pass or fail. 

















MARKING IN PHYSICAL FDUCATION ACTIVITIES 183 


REFERENCES 

1. Garber, L. O. Study of college grading practices. Peabody Journal of 
Education. 11:260-63 (May, 1934). 

2. McCloy, Charles H. Tests and Measurements in Health and Physical 
Education. 2nd ed. New York: F. S. Crofts and Co., 1946, pp. 300-305. 

3. McCormick, H. J. A grading procedure for the physical education 
activity program. Journal of Health and Physical Education, 18:716 (Decem- 
ber, 1947). 

4. Nixon, Eugene W., and Frederick W. Cozens. An Introduction to 
Physical Education. 3rd ed. Philadelphia: W. B. Saunders Co., 1947, pp. 
112-117. 

5. Ross, C. C. Measurement in Today's Schools. New York: Prentice- 
Hall, Inc., 1942, pp. 424-448. 

6. Sperling, A. P. Standards in physical education. Journal of Health 
and Physical Education, 16:449 (November, 1945). 

7. Staley, Seward C. The Curriculum in Sports. Philadelphia: W. B. 
Saunders Co., 1935, pp. 243-306. 

8. Voltmer, Edward F., and Arthur A. Esslinger. The Organization and 
Administration of Physical Education. New York: F. S. Crofts and Co., 1946, 
pp. 308-313. 

9. Williams, Jesse F., and Clifford L. Brownell. The Administration of 
Health and Physical Education. 3rd ed. Philadelphia: W. B. Saunders Co., 
1946, pp. 214-215. 


QUESTIONNAIRE 


Name of Institution i 
1. A. Please check the number of years men are required to take ‘auaiia 





education in your college or university: 0—1—2—3—4 
B. Is credit toward graduation given for completion of physical educa- 
tion activities? Yes ( ) No( ) 


Il. Please indicate the system of marks used by your department for mark- 
ing physical education activities. 


A Pos o¢ Fai... . Yes( ) No( ) 
B. Positive mark of A, B, C D, and Fe or equivalent 
Yes( ) No( .) 





C. Other methods: 





III. Please indicate approximately what percent of a student’s semester mark 
is dependent upon the following considerations : 
A. Attitude (enthusiasm or cooperative spirit) 


Attendance 
Costume 
Daily Work 
Effort 


Healthmanship 


Improvement 


. Oral examination 


"rear re Hn P 
RRKRXeK KK 


Performance examination 





capes set nC re 


a vir a RRR 


en pag 






os rs ee Dl Ep RE te APRA 
SF ae Se: aE Sp II OTE LE 


a as S2E2 





184 


IV. 


VI. 


VII. 
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J. Skill or proficiency <taesitaidinalsondsasepa 
K. Written examination eSeihe ciina 


L. Other considerations. 








If your department conducts the following types of examinations in 
physical education, please list below the activities in which such exami- 
nations are given: 


A. Written examinations: 








B. Performance examinations: 








C. Oral examinations: 








Please check the following statements as they apply to your marking 
system : 
A. In the matter of skill is the individual marked on the basis of his 
standing with reference to the average of the class? 
Toe: ft: - 353 € 3 
B. Is the individual marked on the basis of his standing with reference 
to an established skill or record? Yai } Met } 
C. Is the individual marked upon the basis of the degree to which he 
has approached his own maximum possibilities? Yes ( ) No( ) 


D. Other considerations: 








How does the distribution of marks in physical education conform to the 
normal distribution of marks in your institution generally? 


Same ( ) More High Marks ( ) More Low Marks (_ ) 
Do you desire a summary of the returns of this questionnaire? 
at } ate CC) 

















Present Status of Women’s Physical 
Education in California Junior Colleges 


By Mivprep D. WoLLeEtT 
Marin Junior College 


Kentfield, Caltfornia 
(Submitted for publication February, 1948) 


SURVEY of the status of physical education for women 

in the junior colleges of California for the academic year, 

1946-1947, was made by the writer. It was the purpose of the 
survey to study certain areas of existing programs, such as aca- 
demic status of physical education, teaching policies and practices, 
equipment, and activities. 

The physical education department heads of fifty-six junior 
colleges, both public and private, were sent questionnaires* ; forty- 
four replied, thus furnishing information on seventy-nine percent 
of all California junior colleges. Of these forty-four responding, 
it should be noted that only forty schools have departments of 
physical education for women. 


It is axiomatic that the socio-economic implications of physical 
education programs for terminal women students in California 
junior colleges cannot be overemphasized. This particular level 
of education is one which has grown so rapidly that many problems 
peculiar to such growth remain as yet unsolved. 


The insistent and ever-expanding demand for education be- 
yond the secondary level has resulted not only in the simple growth 
of schools, but in an entirely new concept of education for demo- 
cratic living. It is now assumed that women, and men also, must 
engage in recreational sports as part of the complete democratic life. 
Thus, the rise of the junior college as a publicly financed oppor- 
tunity for universal higher education is a challenge to educators 
in all fields of learning. 


The present study set out to find just how adequately this 
challenge is being met by physical educators today. Since the num- 
ber of women enrolled in California junior colleges for the aca- 
demic year 1946-1947 ranged around 22,000, the consideration of 
their training becomes most important. First, if play is training 
in socialization, are we teaching the activities that hold the most 
promise for socialization?** Are we making it possible for each 


*A copy of this questionnaire will be found at end of article. 


**A list of activities offered to women in California junior calleges in 
1946-47 will be found at end of article 
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student to experience the social process in physical education which 
makes his full attainment of maturity a reasonable expectation? 
Second, are we making the physical education program so meaning- 
ful and satisfying for the student that her response is one of lasting 
interest in and desire for physical activity? Third, are we helping 
to produce, through physical education, integrated personalities for 
effective living in a democratic society ? 


With these considerations in mind, the following conclusions 
were drawn from the study: 


1. Size of classes and teaching loads throughout the state are 
both commensurate with optimum junior college standards. There 
is no need for over-all improvements here, although in a few in- 
stances there still remain problems. 


"2. One-half of all California junior colleges must still work 
toward separate gymnasia for women. With this objective realized, 
many problems arising from shared facilities will be eliminated. 

3. Within the last decade, there has been a rapid increase 
in the number of coeducational physical education classes in the 
junior colleges. Although impetus in the latter half of the decade 
was given by the lack of men instructors during the war, and the 
practice was actually a solution to the problem of understaffing, 
this explanation is not the most important one. Physical educators 
as a whole, feel that opportunities for socializing through game 
Situations should be provided as a necessary experience in the 
deVelopment of personalities. The coeducational playday, which is 
an outgrowth of coeducational physical education classes, is per- 
haps one of the most valuable additions to the socializing process 
that physical education has contributed in the last decade. 

4: ‘Facilities such as showers, dressing rooms, rest rooms, 
and classrooms are adequately provided in the majority of junior 
colleges. Inadequacies exist here, also, however, in those schools 
with shared gymnasia. 


5. There is still a definite need for dance studios and/or ex- 
ercise rooms for junior college physical education departments. There 
is a psychological factor involved here that should be recognized 
by the provision of a specially set up room for both of these ac- 
tivities. The dance and exercise programs should be set apart from 
the atmosphere of active athletic games and large gymnasium 
activities. In certain colleges throughout the country, modern dance 
is not only being separated in space from the physical education de- 
partment, but in theory also. Many dance departments are now parts 
‘of thé fine arts section. 


6. The provision of sundecks as standard equipment for all 
‘junior college physical education departments should be urged. This 
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procedure is sound from the standpoint of health as well as possess- 
ing many positive factors from the point of view of taking care of 
students who have disabilities more constructively dealt with by 
sun and fresh air than by confined rest indoors. 


7. Swimming pools are needed in three-fourths of all junior 
colleges, and many of the existing pools should be brought up to 
adequate standards in filtration and heating systems. The problem 
of procuring a swimming pool in a public junior college is largely 
a community concern, and the physical educator teaching in that 
school is the logical person to begin a campaign to this end. In such 
pools as there are, women are receiving a very small portion of the 
class time. 


8. The problem of tennis courts is not acute, but approximately 
one-fourth of the schools still need them. The most persistent prob- 
lem in this case, as in all shared facilities, is the unequal allotment 
of time for women. 


9. The existence of badminton courts in junior colleges is 
almost universal. The only reform needed here is that of allowing 
women to use the courts that are already provided. 

10. Almost all junior colleges are well provided with out- 
door, turf playing fields. 

11. With turfed playing space available in nearly all junior 
colleges, more should be done with golf. This sport is oné of the 
best carry-over activities and the teaching equipment costs no more 
than for archery. 

12. More constructive thinking and planning must be di- 
rected toward the problem of restricted students. Productive pro- 
grams for this group cannot be planned in a one-teacher department 
unless administrative help is solicited. Perhaps the only solution lies 
in planning physical examinations before allowing students to sign 
up for classes. In most schools, the services of the physician are 
not secured until after registration; this usually results in the 
scattering of restricted students in all activity classes. When: this 
occurs there is no opportunity to set up restricted programs and 
supervise them. The only possible way out of this difficulty is to 
schedule an extra two hours a week and shift all restricted stu- 
dents from the classes in which they were signed to the new hours. 
This could be done after physical examinations, some time within 
the first two weeks. 


13. Although the use of community facilities by some junior 
colleges indicates an encouraging rapport between schools and com- 
munity, this means of dealing with inadequacies of the plant should 
not be used indefinitely. Each department should bend all efforts to- 
ward the construction of permanent facilities on the school grounds. 
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Status oF PuHysicaL Epucation FoR WoMEN IN CALIFORNIA 


Junior COLLEGES 


Name of school 





Number of women students _._._.._.._... Number of instructors —— 
Average size of classes _..___. Size of smallest class side IIR setccilices 
I. Facilities : 


Do you have a gymnasium of your own —____. or is it shared with men? 
____.. If your gymnasium is shared, how many hours per week is it used for 
women only? _...... How many hours of coeducational activity per week? 
___™_ Do you have a rest room where girls may stay during inactivity? 
Is it equipped with beds? If so, how many? —— _._ A lavatory? 
Do you have central showers? _.._.. How many heads? ___-__ Do 
you have individual showers? ______ How many? —__ How many individual 
dressing rooms do you have? _____ If you have central showers, do you have 
just one large dressing room? -... Does your gymnasium have a class- 
room? _.._.. How many chairs? _.._.. Does the classroom have a black- 
board? _..._. Do you have a dance studio? _.... An exercise room? —___. 
Both? _.... Do _ you have a sun deck? ______ If not, have you any plans 
for one? ___... Have you a rifle range? _____. Indoor _____ Outdoor —___ 
Have you a swimming pool? _.__.. Indoor __... Outdoor —_._. Heated? 
___._. Filter system? __.._. What is the size of your pool (in feet) ? 
What are the depth levels? ___ ___ Is the pool shared with the men? — 
If so, how many hours per week is the pool reserved for women? — 
How many hours per week is your pool used for coeducational activity? 











__..... How many tennis courts do you have? _._.. Asphalt? _.___ Clay? 
seabe _. Are these courts shared with the men? ____. If so, how many hours 
per week are the courts reserved for women? _._... How many hours of co- 
educational tennis classes do you have each week? _.... How many badmin- 
ton courts do you have? ____._ Indoor? ____ Outdoor? _._.___ Are they shared 
with the men? _.... How many hours for women only? __.... How many 
hours of coeducational badminton per week? __ Do you have any out- 
door playing fields? _.__ How many? _.... Surfaced? _.._.. Turfed? 
__._.. Unsurfaced? __. . Do you have a putting green? _..... Space for 
one? _.._._ Have you an archery range? _.._. Number of bows —. 


How many targets do you have room to set up on your range? _._.__ 


II. Range and Status of Physical Education Activities: 


Please check the sports listed below.. Use (R) for required, (X) for 
offered, (C) for coeducational, or any combination of the symbols. 


Archery ica Golf abi 
Badminton sais Hockey aes 
Baseball pias Riding 
Basketball acl Riflery Aa 
Body mechanics sia Speedball ene 
Dancing : Soccer ieee 
Folk wat Swimming ai 
Modern wien Tennis vhs 
eas Table tennis w aaaas 

Social ous Trampoline a 


Fencing Te Volleyball 
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III. Teaching Aids: 


Do you have a movie projector? _.._. A piano? A phonograph? 
_... A public address system? __. Do you use movies as teaching aids? 


IV. Teaching Policies and Practices: 
Are your students allowed elective activities in physical education? ee 


Do you have a required freshman activity program? — Are your students 
allowed to elect just one sport for the entire two years? _. For the sopho- 
more year? __ Is your activity program slanted toward the development 


of skill in individual or cooperative sports, with the terminal student in mind? 
Snead . Do you have any specific provision for the terminal student in con- 
nection with her choice of activities? _... Is she allowed more freedom of 
choice? _.... Are your classes arranged on a seasonal basis? _.... Are 
students who are classified as restricted given first choice or consideration in 
the scheduling of classes? — Is guidance in the selection of physical 
education activities based on the findings of the health examination and on 
previous experience and interests? _.... Is this possible? _.... Have your 
students ever taken part in a coeducational playday? — _. What is the 
student response to your physical education program? _..... Do you have an 
attendance problem? Do you make use of any community facilities in 
order to enlarge your activity program? —__ 


AcTIVITIES OFFERED IN THE PHYSICAL EDUCATIONAL PROGRAMS 
For WoMEN IN CALIFORNIA JuNIOR CoLLEGEs—1946-1947 


Percentage of | Numberof © Numberof Number of 


Schools Schools Schools Schools 

Sports Offering Offering Requiring Coeducational 
Badminton 95 37 6 10 
Basketball 87 34 5 2 
Volleyball 87 34 4 3 
Tennis 84 33 4 6 
Archery 79.5 31 4 6 
Baseball 77 30 3 3 
Body Mechanics 69 27 8 2 
Dancing (all) 69 27 4 

Folk Dancing 59 23 5 2 
Hockey 56 22 2 0 
Swimming 51 20 3 1 
Speedball 46 18 2 0 
Modern Dance 43 17 2 0 
Golf 41 16 2 5 
Table Tennis 41 16 1 3 
Social Dance 41 16 1 8 
Soccer 23 9 0 1 
Riding 20 8 0 1 
Clog Dance 13 5 0 0 
Fencing 10 4 0 0 
Bowling 7 3 0 1 
Trampoline 5 2 0 2 
Riflery 5 2 0 1 
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_ The Present Status of Health and 
Physical Education Programs in 
_ Negro Senior Colleges 


By Arnett W. MumForp 
Southern University 


Baton Rouge, Louisiana 
(Submitted for publication March, 1948) 


STATEMENT OF THE PROBLEM 

T was the purpose of this study (1) to evaluate the physical edu- 
| ston programs and the general health, recreation, and safety 

provisions of Negro colleges in terms of accepted standards; (2) 
to compare private and public Negro institutions; (3) to determine 
the relationships between expenditures, personnel, facilities, and pro- 
gram efficiency; and (4) to offer upon the basis of these facts con- 
structive proposals for changes and improvement as a guide in 
postwar planning should the need for it become evident. 

Negro colleges have become an important part ef America’s 
educational system. Besides its place in the field of general education 
for Negroes, the Negro college occupies the unique place of being 
the source of leadership and guidance for the race. The problem of 
health and recreation, therefore, is important in Negro education. 
To what extent Negro colleges are fulfilling or can fulfill their 
obligations can be determined only by a study of this nature. 

Furthermore, the fact that a national campaign has been under- 
taken to secure funds for the improvement of private Negro colleges 
and the trend toward expansion of publicly supported institutions 
for Negroes seem to indicate the need for such a study. Facts con- 
cerning existing conditions in all aspects of the program must be 
made available as a guide for efficient planning of improvement. 


REVIEW OF LITERATURE 

There are comparatively few studies dealing with any phase of 
the health and physical education programs in Negro colleges. In fact 
no data are available with reference to physical education expendi- 
tures.or on the relationship of expenditures to the service in this field. 

The United States Office of Education (4) made an extensive 
survey of Negro education. However, certain aspects of the physical 
education, recreation, health, and safety programs which are essen- 
tial to any plan of reconstruction in this important phase of the; 
colleges’ services were omitted. Studies made by Ellis (5), Cornely: 
(3), Taylor (13), Rogers (10), and Neilson (9) contributed to 
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certain phases of this investigation with reference to health practices 
and types of activities being conducted. 


METHOD OF PROCEDURE 


Modification of LaPorte Score Card.—The LaPorte Health and 
Physical Education Score Card No, II, which is primarily designed 
for evaluating secondary school programs in health and physical edu- 
cation, was slightly modified so as to be adaptable for college use. 
For example, in Section IX, item six which deals with teacher class 
assignments the phrase “twenty clock hours per week” was inserted 
in place of “seven clock hours per day,” “eighteen clock hours per 
week,” in place of “six ciock hours per day,” and “fifteen clock 
hours per week,” in place of the original “five clock hours per day.” 


The various phases of the physical education program covered 
by the score card are: (1) program of activities, (2) outdoor areas, 
- (3) indoor areas, (4) locker and shower areas, (5) swimming pool, 
(6) supplies and equipment, (7) medical examination and health 
service, (8) modified-individual (corrective) activities, (9) organ- 
ization and administration of class programs and (10) administra- 
tion of intramural and intercollegiate athletics. 


Supplementary Check List-—This modified form of the LaPorte 
score card was supplemented by a check list designed to obtain 
additional information considered necessary to this study. The in- 
tormation desired was concerned with the total expenditures for 
health and physical education, the percent of the total budget allo- 
cated to such areas as health service, the instructional program, in- 
tramural sports, and intercollegiate athletics. The check list was also 
intended to ascertain the number of days per week part-time physicians 
are available and the number of instructors in the physical educa- 
tion department together with the degrees held by each. 


Collecting Data—These materials were mailed to the deans of 
the colleges being studied by the dean of Southern University, Baton 
Rouge, Louisiana. This procedure was used because of adminis- 
trative interest in the results of the investigation inasmuch as it is 
concerned with problems of instruction and administration definitely 
related to the total college program. Too, it was felt that this method 
of seeking the information would tend to focus the attention of 
college administrators upon this generally neglected phase of Negro 
college programs. 


A letter of transmittal explaining the purpose of the investiga- 
tion was included with the materials sent out. The investigator fol- 
lowed up this procedure by sending letters to the physical education 
directors requesting their cooperation in securing the data and in- 
cluded a copy of the letter which had been sent to the respective 
college deans. In addition, follow-up letters were mailed out by the 
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dean of the university and the investigator. Personal visits were 
made to thirteen colleges in seven of the states and a thorough study 
was made of the bulletins issued by each institution included in the 
sample. 


Reliability of thé sample—Forty-eight senior colleges for Ne- 
groes were sent copies df the score card and check list. In an effort 
to secure’a satisfactory sample, private and public schools of varying 
sizes located in nineteen. different states were included in the study. 
The Negro Educational Directory for 1943-44 lists seventy-seven 
colleges of senior classification. Of this group of colleges 57 percent 
are private institutions, while 43 percent receive public support. In- 
cluded in the sample of forty-eight colleges, 48 percent are of the 
private classification and 52 percent are publicily supported colleges. 
The fact, too, is to be recognized that the great majority of Negro 
colleges are located in the seventeen southern states where three- 
fourths of the Negro population lives. 


~Replies were received from 31 institutions, or 65 percent of the 
schools contacted. The group replying included seventeen public col- 
leges and fourteen private colleges. Twenty-five of the replies were 
usable and represented colleges in fifteen states. The states geograph- 
ically are located in the Midwest, Southeast, and Southwest. 


The question arises as to the reliability of the sample as repre- 
sented by the group replying. This question is of particular impor- | 
tance since mailed questionnaires were used and it has been shown 
that those who returned questionnaires can be atypical (11, 12). 
In view of this problem an analysis was made of school bulletins and 
other literature (6, 8) with reference to certain items common to 
college administration which would serve for checking the reliability 
of the sample. The items selected were educational expenditures, en- 
enrollment, and classification (private or public). 


In comparing the two groups with reference to expenditures, 
enrollment, and resident tuition, the t-ratio was used because of the 
small samples involved (7). 


The chi-square technique was used in the comparison of the 
two groups in terms of classification (public or private). The data 
in Table I show that of the items studied the two groups were 
significantly different only with respect to total educational expendi- 
tures, This seems to indicate that colleges with comparatively better 
budgets are more likely to reply in studies of this kind than are 
colleges with lower budgets. This factor should be kept in mind in 
interpreting the results of this study. 


Analysis possibilities—In comparing the private and public 
colleges the most obvious method would be to test the significance 
of the difference in the percentages based upon the total scores. This 
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percent score for the private colleges on program of activities, for 
example, is 51 percent; for the public colleges it is 60 percent. Based 
upon eight and seventeen cases, respectively, the critical ratio of the 
difference between these percentages is .43. This particular critical 
ratio would lead one to conclude that there is no real difference be- 
tween the private and public colleges with respect to program of 
activities. 


TABLE I 
RELIABILITY OF THE SAMPLE 
Total Group Sample P 
1. Total educational Mn = $165,977 Mn = $183,321 <.05 
expenditures S.D.= 4,440 S.D. = 4,447 
N = 41* N-3 
2. Enrollment Mn = 577 Mn = 728 >.05 
S.D. = 111.00 S.D. = 120.00 
N = 47** N = 25 
3. Resident tuition Mn = $80.00 Mn = $73.00 >.05 
S.D. = $35.32 S.D. = $32.15 
N= 4 N= 25 
4. Classification Private = 23 Private = 8 >.05 
Public = 25 Public = 17 


* Data not available for 7 of total group. 
** Data from one school not applicable. 


There is another way of approaching this problem which might 


reveal a significant difference between the two groups of colleges. 


The total score is based upon ten items. Because of the small number 
of cases there will hardly be any significant differences on each in- 
dividual item, such as “content of core program.” However, if chance 
were operating one would expect private colleges to be higher on 
one-half of the items (5) and public colleges to be higher on one-half 
of the items (5). Therefore, are all deviations from this 5-5 divi- 
sion chance deviations or are they significant deviations? This can 
be determined by the chi-square technique. For example, in the ten 
items on program of activities the public colleges had a higher per- 
centage on nine items, whereas the private colleges were higher only 
on one item. This 9-1 observed deviation from the expected devia- 
tion of 5-5 is a significant one since the value of chi-square is 4.9. 

This method of analysis is used for all of the data from the 
score card. In calculating these chi-squares the correction recom- 
mended by Guilford (7) was used in which .5 is deducted from 
each of the observed-expected values. 


FINDINGS 


From an analysis of the data in this investigation the following 
facts were revealed: 


1. Only meager relationship exists between total expenditures 
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and the over-all efficiency of the program. The correlations are listed 
in Table II. 

2. A small amount of relationship or slight negative relationship 
exists between personnel, teaching load, student enrollment, and cer- 
tain factors concerned with program efficiency. The correlations 
obtained are listed in Table III. 

3. Twenty percent of the colleges studied did not have gym- 
nasiums and 40 percent orlly met approximate standards. The gym- 
nasium areas in the remaining 40 percent of the colleges are im- 
provised facilities and do not approach acceptable standards. Partic- 
ularly noticeable were the inadequate number and sanitation of 
shower, locker, and toilet areas. 

4. The public colleges, although below acceptable standards, 
were better than the private institutions on indoor facilities. 

5. Eighty-four percent of the colleges did not meet the stand- 
ards required for an adequate safety education program. 

6. The majority of the schools lacked sufficient outdoor space 
for an acceptable physical education and recreational program. Court 
areas for dual and individual sports were particularly lacking. 


TABLE II 
RELATIONSHIPS BETWEEN BUDGETARY ALLOCATIONS AND Factors CONCERNED 
WITH PROGRAM EFFICIENCY 


Allocations Factors Correlations 
Total Budget ' Enrollment <« ° 75 = 10 
Total Budget Program Efficiency 33 = .14 
Instructional Budget Program of Activities Al = 13 
Instructional Budget Organization and Administration 

of Class Program 29 = 14 
Instructional Budget Supplies and Equipment 45 = 12 
Health Budget Enrollment 66 + 91 
Health Budget Health Service Efficiency 01 + .01 
Athletic Budget Administrative Efficiency 29 + 14 

TABLE III 


RELATIONSHIP BETWEEN CERTAIN FActTors CONCERNED WITH 
PROGRAM EFFICIENCY 


Factors Correlations 
Enrollment—Number of Instructors 67 += 07 
Program Efficiency—Number of Instructors 36 = 14 
Enrollment—Locker and Shower Areas 11 + .13 
Enrollment—Indoor Facilities .20 = .10 
Enrollment—Outdoor Areas 18 = .13 
Teaching Load—Organization and Administration of 

Class Program —.22 = 12 


7. Ninety percent of the colleges make no provisions for gym- 
nasium suits, towels, laundry services, or equipment clerks. Such 
provisions are the responsibility of the individual student. 
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8. Full-time physicians are employed in only 16 percent of 
the colleges ; part-time physicians make daily visits in 28 percent, and 
regular visits once, twice, or three times per week in 16 percent. 


Physicians make only “emergency ‘calls” in 32 percent of the insti- 
tutions. 


9. Full-time nurses are employed in 76 percent of the colleges ; 
public colleges also make better provisions in this respect. 


10. While the great majority of the colleges had adequate sup- 
plies and provisions for conducting intercollegiate athletics, they 
were below standard in the matter of providing for intramural sports. 


11. A large proportion of the colleges, 57 percent, sponsor in- 
tercollegiate athletics for women. 


12. In the great majority of Negro colleges it is the common 
practice to either assign students for unlimited physical education 
participation or to completely exempt them upon a written state- 
ment from a physician. Restricted activity or corrective physical 
education are not common phases of Negro programs. Forty-five 
percent of the colleges made no provisions of any type for restricted 
programs while 36 percent made inadequate provisions to meet imini- 
mum standards. 


13. A large,number of physical education directors, 72 percent, 


also devote time to coaching one, two, and in some instances, three 
sports. 


14. There were no statistically significant differences in pro- 
grams of colleges where the physical education directors also coached, 
where the physical education directors devoted full time to physical 
education as such, where the director had a minimum of training, 
and where the director had much advanced. training. Case compari- 
sons are listed in Table IV and Table V. 


15. Of the ten sections of the score card evaluated, the public 
and private colleges were significantly different only on indoor areas 


and program of activities. These differences favored the public col- 
leges. 


CONCLUSION 

The data presented in this study indicate that Negro colleges 
have a highly mixed, heterogeneous situation with respect to physical 
education programs—a situation running from little or nothing to 
some good programs. Furthermore, these colleges, in practically every 
criterion, differ a great deal among themselves. Possibly one factor 
contributing to this great variability is concerned with the local aims 
of each physical education department. Some schools have compara- 
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TABLE IV 
COMPARISON oF COACHING DutTIEs oF PuysicaAlL [DIRECTORS UPON THE 
EFFICIENCY OF THE PROGRAM 


Coaching Enroll- Teach- Experi- Sections Program 
Duties ment Budget ers Degree ence Excelled Score 
l. Yas 

School A 919 24,276.89 6 MS 10 yrs. 7 186 
School B 850 45,045.00 6 MS 10 yrs. 7 177 

2. No 

School A 877 21,478.28 6 MS 10 yrs. 3 125 
School B 752 12,418.58 6 MS 10 yrs. 3 144.5 


Note: This table should be read as follows: each school in Case Number 
1 and Case Number 2 are comparatively equated on items of enrollment, 
budget, number of teachers, and physical directors with some academic train- 
ing and ten or more vears of experience. In each school listed under Case 1 
the director coaches two or more varsity sports, and the schools excel on 
seven sections of the score card. In each school listed under Case 2 the 
directors devote full time to physical education and the schools excel on three 
sections of .the score card. Chi-square of .90 shows difference in programs is 
not 2 significant difference. Chi-square is based on seven out of ten items. 


TABLE V 
COMPARISON OF TRAINING AND EXPERIENCE OF DIRECTOR OF PHYSICAL 
EDUCATION UPON THE EFFICIENCY OF THE PROGRAM 


Directors Enroll- Teach- Sections Program 
Training-Ex perience ment Budget ers Excelled Score 
1. MS Degree 

School A—20 yrs. 586 21,000.00 2 2 141 
School B— 8 yrs. 560 7,840.00 2 2 99 
School C—11 yrs. 800 8,714.00 2 2 138 
Av. 13 yrs. 1,946 37,554.00 Ay. 2 Av. 2 378 
2. BS Degree 

School A— 6 yrs. 534 13,610.00 2 7 121 
School B— 8 yrs. 935 11,840.00 2 7 146 
School C— 5 yrs. 463 10,964.00 2 7 183 
Av. 61-3 yrs. * 1,932 36,414.00 Av. 2 Av. 7 430 


Note: This table should be read as follows: each school in Case 1 and 
Case 2 are comparatively equated on items of enrollment, budget, and number 
of teachers. The physical directors in each school listed in Case 1 have 
masters’ degrees and from eight to twenty years of experience and excelled 
on two sections of the score card. The physical directors in Case 2 have 
bachelors’ degrees and from five to eight years of experience and excelled on 
seven sections of the score card. Chi-square of 1.76 shows difference in pro- 
grams is not a significant one. Chi-square is based on seven out of nine items. 


tively good gymnasiums and fairly adequate staffs and are concen- 
trating more or less on professional courses in physical education. 
Some have poor facilities and probably place emphasis upon certain 
intramural sports in keeping with the limited facilities. Too, in many 
instances it is obvious that, regardless of staff or facilities, the major 
interest is being placed upon intercollegiate athletics. Furthermore, 
there are institutions in which all phases of physical education re- 
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ceive meager or no attention. It is obvious that great variability in 
what exists tends to make for great variability in what the present 
programs are trying to do. 


Analysis of the data in all aspects of the program point to four 
basic problems influencing the present low standards of physical 
elucation in Negro colleges: 


1. Limited funds, both budget and capital outlay. 
2. Inadequate facilities (related to first item). 
3. Inadequate number and training of most of the instructors. 


4. Attitude of the college administration toward the program 
of health and physical education. 


[t was easily noticeable, however, that the lack of suitable facili- 
ties had more effect upon low ratings in various phases of the pro- 
gram than any one single factor. 
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Athletic Injuries Among Adolescents: 
Their Incidence and Type in 
Various Sports* 


By J. RoswELt GALLAGHER 


Phillips Academy 
Andover, Massachusetts 


(Submitted for publication January, 1948) 


HE frequency and kind of injuries which occur in various types 
bi of athletics are of particular concern to those who operate stu- 

dent health services or student athletic programs, and are of 
interest to those family physicians and specialists whose advice 
is sought in connection with the incidence, prevention, or management 
of those injuries. Athletics and participation in them play a large 
part in the life of the boarding school boy and in such a situation 
there is a good opportunity both to determine what sports are most 
hazardous and what injuries most frequently occur, and also to 
learn what to expect and what to attempt to prevent. This report 
gives the numbers and kinds of injuries which occurred in a group 
of approximately 650 boarding students at a boys’ preparatory 
school over a period of seven years. The ages of these students range 
from thirteen to eighteen years. 


At this institution all students are required to participate in 
athletics. There is a compulsory program of sports for from seventy- 
five to ninety minutes on four days a week and this is supplemented 
(during the fall and spring) by a relatively strenuous period of 
body-building exercises, or calisthenics (5, 6) which lasts from 
fifteen to twenty-five minutes. In addition, there are frequently 
competitive games for team members on two other days in the week. 
Practically all students participate in this program. An appropriate 
sport is found for almost every boy even though a severe grade 
of some chronic disorder may be present, and those who have had 
acute illnesses or recent injuries are quickly returned to some proper 
form of exercise. In any interpretation or comparison of this type 
of data it is important that the attitude of the health service to- 
ward athletics be understood (4). This health department fully 
believes in athletics as a means of developing endurance, strength, 
agility, and coordination and of fostering certain desirable per- 
sonality traits, and gives the athletic program full support. The 


*From the Department of Health, Phillips Academy, Andover, Massachusetts. 
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health service does, however, attempt to use every reasonable 
method to prevent illness or injury in athletics and attempts to 
spread the doctrine that a boy who is in good condition is much 
less likely to be “strained” (4) or injured and much more likely 
to be benefited by his athletics than is one who is not. One of the 
reasons for instituting this school’s body-building program (5) was 
to improve the condition of those who would inevitably be partici- 
pating in strenuous sports. 


Mention should be made of some of the regulations which are 
enforced as part of the accident prevention program. No one par- 
ticipating in soccer, football, hockey, basketball, baseball, or lacrosse 
may wear eye glasses unles they are equipped with “unbreakable” 
lenses. Football players known previously to have had knee injuries 
must do exercises to strengthen their quadriceps and vastus medialis 
muscles (9, 1) and be protected with ‘Duke Simpson” strapping (9). 
All football players are taught properly to apply muslin ankle 
wraps (7) over their socks, and must do this daily. Special pains 
are taken to see that football equipment (helmet, shoulder pads, etc.) 
fits properly. Hockey players must wear helmets. Lacrosse players 
must wear masks. Of no less importance than the enforcement of 
these regulations is the attention to cleanliness of equipment, the use 
of proper drinking fountains or individual cups, and most of all 
the eternal vigilance of the trainer and coaches in quickly removing 
from play anyone who is obviously tired or even slightly injured. 
The importance of the trainer in the accident prevention program 
cannot be exaggerated; a man in this position who is not alert, not 
forceful, not capable, and not completely cooperative can ruin the 
best efforts of any health department. Valuable suggestions regard- 
ing these matters can be found in the publications of Stevens and 
Phelps (8) and Thorndike (9). 


It should be emphasized, prior to the discussion of data re- 
lating to injuries, that this report is not concerned with the rela- 
tive merits of the pazticular sports. This report attempts only to 
indicate, on the basis of experience in this institution, what injuries 
one may expect in connection with various types of athletics, and 
to suggest in what directions efforts to prevent injuries should be 
directed. In the tables the football injuries are divided into three 
groups: those occurring in varsity eleven-man football; those in 
junior varsity eleven-man football; and those in six-man football. 
The varsity group has on the average 48 members; these boys have 
the most ability, the best coaching, and the best equipment. The 
junior varsity group is almost twice as large and is made up of 
less skilled and in general younger boys. Six-man football (2), a 
game involving much less body contact than the regular American 
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eleven-man football but excellent for improving skill in running and 
in passing the ball, was added to this institution’s athletic program 
in 1940 in an effort to prevent injuries among those younger or 
less mature boys whose state of development or degree of skill 
was not suitable for the more dangerous game. It is not difficult to 
convince a tall, lean boy whose joints are as yet poorly supported 
and protected that he is more likely to be able to play eleven-man 
football later if he will keep away from it until his development 
has reached the point where it will be a safer game for him. How- 
ever, it is impossible to convince him unless the varsity coaches are 
cooperative and have learned that many boys who might be good 
players later on are lost to the game because they started playing 
it in a strenuous manner before their muscular and skeletal de- 
velpoment made it reasonably safe for them to do so. In sports other 
than football all participants’ injuries are grouped together; in these 
no distinction has been made between those occurring in members 
of varsity teams and those of less skillful players. 


RESULTS AND DISCUSSION 


In Table I* is shown the total number of major and minor 
injuries which required attention at the school hospital or at its 
out-patient department during the years 1940 through 1947. During 
the years 1940 and 1941 no records were kept of injuries occur- 
ring in some of the sports. Tennis, fencing, golf, and swimming 
are omitted from this and the following tables because there was 
only a total of three minor injuries in the first three sports and 
only four injuries in swimming during six years. 


There is little variation in the number of participants in each 
sport from year to year and the range of number of participants 
and the number of participants for each year have been omitted from 
the tables. The average number of participants is a reasonably ac- 
curate figure and is sufficiently so for purposes of comparison. The 
relatively large number of weeks assigned to the track season is due 
to the fact that this sport extends throughout the school year; it 
has a much larger number of participants, however, in the winter and 
spring. 


The total number of injuries and the average number of in- 
juries in each sport are of no value in comparing one sport with 
another but are of some interest in themselves from the standpoint 
of predicting what one may expect. By including the 1941 data for 
soccer and football the figures for six complete school years may be 
obtained; there was a total of 690 injuries or about one injury per 
boy every six years. When one considers that the injury total in- 


- *Tables will be found at end of article. 
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cludes many minor as well as major injuries the number does not 
seem excessive. 


Qn the comparative basis of average number of injuries per 
participant per year there is little difference. between soccer, bas- 
ketball, hockey, wrestling, baseball, and lacrosse. Basketball had the 
least injuries of these and baseball the most. Track, as might be 
expected, had fewer injuries per boy than any of those. That base- 
ball had more injuries than lacrosse may surprise those who have 
seen lacrosse played. It can be explained by the facts that lacrosse 
as played in preparatory schools (at least in New England) is 
strictly refereed in an effort to keep injuries down; and because the 
obvious roughness is not of the kind which frequently produces 
injuries; to slash at your opponent’s stick may seem dangerous to 
a spectator but it only rarely injures a player. The number of eleven- 
man football injuries averaged more than eight times as many as for 
hockey and lacrosse, but in six-man football there were only about 
one and a half times as many as in those games. 


There is a considerable year-to-year variation in the number 
of injuries in each sport. Some of this is undoubtedly due to chance, 
but often it has seemed that it is the least skillful and least success- 
ful teams which have the most injuries. Manner and effectiyeness 
of coaching, quality of equipment, attention to detail, and degree 
of emphasis on winning are all factors which contribute to the 
number of injuries. Each year there should be a review of results 
and an effort to correct the probable causes of injuries. 


Major injuries have been arbitrarily defined as those which 
caused an absence of ten or more days from participation in athle- 
tics. This division of all injuries into two categories allows one to 
determine the incidence of injuries of considerable significance 
in each sport. In a boarding school situation many injuries of little 
moment (and which would not be brought to the attention of. a 
family physician were the boy at home) are reported to the health 
department. Whether or not these injuries are reported frequent- 
ly depends as much upon the personality of the individual as 
upon the severity of the injury. Table II gives the number of 
major injuries which occurred in various sports over a period of 
several years, the average number of major injuries in each sport per 
year and the average number of major injuries per participant per 
year. There were no major injuries in fencing, swimming, tennis, or 
golf. Track, despite its large number of participants and the hazards 
which javelin, weight throwing, pole vaulting, and high jumping 
present, had only one major injury in each of six years and none 
in the other year. Soccer, hockey, wrestling, and lacrosse all had 
very few major injuries during this period, and there was little 
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difference in the number per participant in these sports; basketball 
had fewer injuries than any. of those and baseball had about twice 
as many. Varsity football had the highest incidence of major in- 
juries per player, and junior varsity football was next; these two 
averaged more than twenty times as many major injuries per 
player as did soccer or lacrosse. Six-man football, although it pro- 
duced about four times as many major injuries per player as 
soccer, had only one-fifth as many major injuries per player as 
varsity and junior varsity football. 


‘Another useful means of comparing the injuries which occur 
in various sports is a tabulation of the number of hospital admis- 
sions which these injuries required (Table III). In a boarding 
school situation there will be many more hospital admissions than 
would be the case were the students living at home. All concus- 
sions and most severely sprained ankles are admitted to the school 
hospital, but very few of these would enter a general hospital 
were they living at home. Many such injuries are, either as a 
precautionary measure or in an effort to decrease the period of 
recovery, admitted to the hospital for an overnight stay. For these 
reasons the number of hospital admissions is about twice the num- 
ber of major injuries. Eleven-man football and six-man football 
exceeded all other sports in the number of hospital admissions ; 
track had the smallest number, basketball and hockey were next, 
and soccer, lacrosse, wrestling, and baseball had about an equal 
number of admissions per participant. 


The number of hospital days spent is of value in estimating 
the relative severity of the injuries which occurred in the different 
sports and is important in determining which sports cause stu- 
dents the greatest loss of time from their studies. Table IV gives 
the average number of hospital days spent per participant in each of 
the sports. Although the average number of days spent in the hospital 
per player is:highest in the varsity football group, it amounts to less 
than one hospital day per player each season on the average, and in 
only one year'(1941) was this average considerably exceeded. Again 
a considerable difference between eleven-man and six-man football is 
evident. The former averaged more than twice as many hospital 
days for its injuries. Lacrosse, which has been shown to have had 
relatively few minor or major injuries, had a comparatively large 
number of hospital days. This was due in large part to one injury 
(a fractured femur in 1944), but it is reasonable to expect one such 
incapacitating injury every few years. In this connection it is well 
to remember that severity of illness cannot always be judged by 
length of hospital stay; a fracture of the tibia and fibula which re- 
quires no more than a week’s hospital care is hardly one-eighth 
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as severe as a fracture of the femur. Basketball injuries required 
the least hospital days per player, and there was little difference 
between the small average numbers required by the members of 
the hockey, track, wrestling, and baseball teams. During the six 
school years from September, 1941, through June, 1947, about six 
percent of the total hospital admissions were on account of athletic 


injuries and about five percent of all the hospital days spent were 
from the same cause. 


Table V lists the types of injury which were reported in the 
varigus sports during seven consecutive school years (with the ex- 
ception of the soccer injuries of 1941) and an additional year’s foot- 
ball injuries. In the interest of brevity there has been an effort to 
group diagnoses and to make them as simple as possible; for ex- 
ample the knee injuries have been put into either one of two cate- 
gories and lacerations of other than the face or scalp, and various 
muscle strains have been listed as “miscellaneous.” It is clear that 
all injuries which occurred were not reported; there were certainly 
more contusions of the testes than one and more finger sprains than 
twenty-four But it is unlikely that any injury of any significant degree 
of severity was not reported. It is also proper to assume that al- 
most all injuries which are tabulated were more than trivial. The 
sprained fingers were sufficiently injured so that fractures were 
suspected, the quadriceps contusions were incapacitating, and any 
nose contusion recorded was worthy of an x-ray. 


The summaries (Tables V and VI) permit one to select those 
injuries which occur so frequently that every effort should be made 
to present them. Outstanding because of the possibility of their after- 
effects as well as their immediate damage are the knee and head 


injuries which occur in football. To control the former there should 
be the following. 


1. A vigorous program of calisthenics prior to and during 
the football season. 


2. An attempt to exclude from the gam those whose state 
of development and linear build make their knees more 
vulnerable. 


3. Use of proper supporting bandages by those who have 
had even slight ligament injuries. 


4. Strengthening of the quadriceps and vastus medialis by 
supplementary exercise (6, 9, 1). 


5. Encouragement of all methods which tend to keep players 
alert at all times. 
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Head injuries are difficult to control; the best in helmets and 
the proper fitting of helmets is the least, and perhaps the most, that 
can be done. Nose fractures are common and little can be done to 
prevent them. Finger fractures and sprains are very common and 
it is suggested that attempts to strengthen the hands might be help- 
ful. Ankle sprain was the most common injury of all; exercises 
designed specifically (6, 9, 1) for their strengthening and the 
insistence that all players learn how properly to apply ankle wraps 
(7) and that they wear them at all practice sessions and games 
should help to reduce these injuries. Quadriceps contusions are 
common and are most likely to occur where the protective pads 
are not properly fitted. There were few epiphyseal injuries. The 
sprinter’s fracture furnishes a good example of the importance of 
avoiding too great strain on immature youths, particularly before 
they have been well trained in, and well conditioned for, their 
particular sport. The enforcement of the regulation regarding the 
use of only unbreakable lenses in eye glasses bore fruit; there was 
only one eye injury because of inattention to this rule and fortunate- 
ly it was not a serious one. 


SUMMARY 


1. Data concerning the number and kinds of athletic injury 
which occurred at a boys’ boarding school over a period of seven 
consecutive school years are presented together with summaries 
of the number of hospital admissions and hospital days spent be- 
cause of injuries which developed in various sports. 


2. There was little difference in the average number of in- 
juries per participant in soccer, basketball, hockey, baseball, wrest- 
ling, and lacrosse; averages ranged from 0.05 to 0.09 injuries per 
participant per year. In eleven-man football the incidence of in- 
juries was about eight times as great as those in other games, 
but six-man football averaged only about one and one-half as 
many injuries per player as did hockey or lacrosse. 


3. Similar differences were noted between the various sports 
in regard to number of “major” injuries, number of hospital ad- 
missions, and number of hospital days. 


4. Tables showing the incidence of various kinds of injury in 
each of the various sports are given. 


5. Methods of attempting to prevent athletic injuries and the 
types which are most common are discussed with particular atten- 
tion to those of the knee, head, and ankle. 
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sity had what was believed to be one of the largest men’s 
service class physical education programs of any university 
in the United States, with 5,462 men under instruction. 

The whole question of the physical education activity interests 
of men college students, which has been an educational problem for 
many years, arose again and it was decided to find out not only 
what these interests and needs were, but also to survey ideas, atti- 
tudes, and feelings in regard to certain phases of the physical edu- 
cation program at the university. 

This group of college men in the service program was essen- 
tially a different group from the men in physical education before 
the war. A majority were veterans (810 of 1,040 in this random 
study), they were older, more mature, and had had a wider range of 
experiences in sports and physical education than the men before 
the war. The study attempted, therefore, not only to find out student 
interests and needs, but also to compare the results of this study with 
similar studies conducted before the war. 

A questionnaire was developed and administered to 1,100 of 
the 5,000 men in the program, Ten hundred and forty were returned. 
The following data were compiled from these returns. 


Diss G the 1946-47 academic year, the Ohio State Univer- 


RESULTS OF THE STUDY 
The first question was designed to learn those physical educa- 
tion activities in which the men in the program (1) were most in- 
terested, (2) had considerable interest, and (3) had no interest. 


Sixty-two of the most common physical education. activities were 
listed. 


Question 1: There were three parts to the first question. 

A. Mark with a number one (1) those physical education ac- 
tivities in which you are most interested; that is, would most like 
to learn or participate in. Do not mark more than three. 

B. Mark with a number two (2) those physical education ac- 
tivities in which you have considerable interest and yet less than 
the top three. Do not mark more than six. 
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C. Mark with a number three (3) those physical education ac- 
tivities in which you have absolutely no interest and have no desire 
to learn or participate. Do not mark more than six. 


TABLE I 
First Ten First-CHoice PREFERENCES IN PERCENT OF RESPONSES 
First ten first-choice First ten second- First ten least-choice 
preferences in percent choice preferences in preferences in percent 
of the 3,527 responses percent of the 5,785 of the 4,009 responses 
responses 
1—Bskball. 13percent 1—Bowling 5 percent 1—Marching 8 percent 
2—Golf 10 percent 2—Swimming 5percent 2—Tap dance 5 percent 
3—Swimming 9percent 3—Golf 4percent 3—Calisthenics 4 percent 


4—Tennis 8 percent 4—Football 4percent 4—Walking 4 percent 
5—Football 7 percent 5—Softball 3percent 5—Fencing 3 percent 
6—Baseball 6percent 6 —Tennis 3percent 6—Wrestling 3 percent 
7—Bowling 5 percent 7—Bskball. 3percent 7—Sq. Dancg. 3 percent 
8—Softball 3 percent 8—Pstl. Shtg. 3percent &8—Cross Ctry. 2 percent 
9—Pstl. Shtg. 3percent 9—Baseball 3 percent 9—Boxing 2 percent 
10—Boxing 2percent 10—Ice Sktg. 3percent 10—Wet. Lftg. 2 percent 


First choice: Basketball, receiving 13 percent of all first-place 
choices shows the great interest in this sport. Other team games 
which ranked high on the list in popularity were football, (5th), 
baseball (6th), and softball (8th). 


The choice of golf, swimming, and tennis, following basketball, 
indicates a strong desire on the part of the college men to learn 
individual sports with carry-over value. The place of bowling re- 
flects the nationwide increase in interest in bowling, and the great 
number of votes for pistol shooting and boxing was probably due 
to the fact that many of the men were exposed to these two activities 
in military service. 

Second choice: Bowling ranked first among second-choice ac- 
tivities again following the nationwide trend of a great increase in 
interest in this sport. 

Swimming, golf, and tennis ranked high as second-choice ac- 
tivities which again shows the great interest in these individual 
sports with carry-over value. 

Football (4th), softball (5th), basketball (6th), and baseball 
(9th), reiterate the interest in these national sports by Ohio State 
University students. 

Third choice: Marching appears to be the least desirable physi- 
cal education activity. Forty-five percent of the eight hundred and ten 
(810) veterans and thirty-one percent of the two hundred and thirty 
non-veterans who answered this question indicated a dislike for 
marching. Calisthenics was also low on the popularity list at Ohio 
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State University. Both marching and calisthenics are formal physical 


education activities in which the individual loses his identity. 


Question 2: “In what activities in which you have had instruc- 


tion at Ohio State University would you desire additional instruc- 
tion?” 

Of the 859 replies to this question, 24.3 percent indicated a 
desire for more swimming instruction. Individual sports with carry- 
over value, swimming, tennis, golf, boxing, handball, and fencing 
ranked first, second, fourth, fifth, sixth and tenth, respectively, 
among the first ten. 


With only three team sports chosen among the first ten, basket- 
ball, volleyball, and touch football, it can be assumed that the stu- 
dents in the physical education program desire to learn more about 
individual sports with carry-over value than about team games. 


4 


Question 3: ‘In what activities in which you have received no 
instruction would you desire instruction ?” 

Golf is the activity in which the most students in the program de- 
sired instruction and in which they had received none. Over 17 percent 
of those answering the question requested golf. Golf was followed 
by tennis (10 percent), bowling (7 percent), swimming (5 percent), 
and diving (4 percent). This would again indicate a desire of col- 
lege students to learn individual sports with carry-over value. 

Basketball and baseball which ranked sixth and ninth respec- 
tively were the only team sports in the first ten activities listed. 


Question 4: “Which of the following groups of physical educa- 
tion activities would you prefer? (a) gymnastics, calisthenics, heavy 
apparatus, marching; (b) games and sports; (c) a combination of 
both.” 

Of the 1,025 men who answered this question, 72.6 percent. pre- 
ferred games and sports, 25.9 percent preferred a combination of 
both, 1.5 percent preferred gymnastics, calisthenics, heavy appara- 
tus, and marching. 


Question 5: “What is your feeling in regard to physical educa- 
tion requirements on a yearly basis at Ohio State? 


One year Required Elective 
Additional one year Required Elective 
Additional two years Required Elective 
Additional three years Required Elective 


Results showed that 27 percent preferred a year of required 
physical education plus the right to elect an additional year, 21 per- 
cent preferred one year required and also the privilege of electing 
three more years, 21 percent felt that the present requirement of 
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one year was the proper amount, 8 percent felt no physical education 
should be required but elective for only one year. 

These results indicate that if physical education were put on a 
required-elective basis at Ohio State University, rather than re- 
quired only, students would be interested in more physical education. 

Question 6: “If you are a veteran, do you prefer the type of 
physical education program offered at Ohio State in contrast to 
physical training offered you im the services?” 

An overwhelming majority of the veterans (94 percent) pre- 
ferred the program at ‘Ohio State. In giving reasons for their an- 
swers, 35 percent wrote in that they were permitted here to choose 
the activity in which they were to participate. Sixteen percent stated 
they preferred the variety of activities offered here. Forty-three 
percent of the respondents stated they disliked service physical train- 
ing because of calisthenics. Fourteen percent indicated they had little 
or no physical training in service. 

Question 7: “If you are not a veteran, do you prefer (a) the 
type of physical education program offered at Ohio State in con- 
trast to the physical education program ‘offered you in high school? 
(b) the type of physical training offered you in high school in con- 
trast to the physical education program offered you at Ohio State.” 

Ninety-two (92 percent) percent preferred the program at Ohio 
State University. The main reasons given for preferring the Ohio 
State program were (a) variety of activities offered (35 percent), 
and (b) individual instruction (23 percent). 

Many other students indicated they liked the Ohio State pro- 
gram best, but it was actually because they disliked their high school 
program. Some of the reasons given for disliking their high school 
program were: 

1. “I accomplished nothing in physical education in high school.” 

2. “No choice of activities.” 

3. “Few facilities, wasted time, nothing but calisthenics.” 


4. “Program just basketball and football.” 


Question 8: “Do you feel the activities offered in the physical 
education program at Ohio State University in sports skills and 
knowledge have carryover value; that is, are they something which 
you can use in later life?” 

The Physical Education Department at Ohio State offers a 
wide variety of activities in its program with special emphasis upon 
such individual sports as swimming, golf, fencing, tennis, and hand- 
ball. Ninety-four percent of those answering this question felt that 
these activities did have carry-over value. 

Question 9: “Would you be interested in a program of coedu- 
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cational physical education in such activities as tennis, golf, bad- 
minton, dancing, and swimming?” 


Eighty-five per cent of the replies were in favor of such a pro- 
gram. It would, therefore, seem that more emphasis might be placed 
upon coeducational physical education at the college level. Besides 
the physical benefits to be derived from such a program there are the 
added social values that men and women students gain from par- 
ticipating in sports activities together. 


Question 10: “What physical education and recreation facili- 
ties would you like to see developed at Ohio State University which 
it does not now have?” 


There was a wide variety of answers to this question but bowl- 
ing facilities were requested most often, Twenty-one percent of the 
468 students answering this question requested bowling. Following 
bowling, the men wanted horseback riding, 8 percent; ice skat- 
ing, 8 percent; boating, 6 percent; social dancing, 5 percent; polo, 
3 percent; ice hockey, 3 percent. 


The bowling interest at Ohio State seems to parallel the grow- 
ing nationwide interest in the sport. 


Question 11: ‘‘What comments, of any nature, do you have re- 
garding your physical education program at Ohio State?” 


The 517 answers to this question were divided into three 
‘groups: those favorable to Ohio State, those unfavorable, the mis- 
cellaneous, Thirty-five percent of all answers specifically stated they 
thought the Ohio State University program was a good one. In- 
cluded in these answers were these comments: “Good program,” 
“Good instruction,’ “Plenty of variety,” “Well balanced,” “Bene- 
ficial,” “Carryover value,” “High standards,” and “Good facilities.” 


Some comments unfavorable to the program were: “Classes 
too crowded,” “Unable to get activity I desire,” “Periods too short,” 
“Need for individual instruction,” ‘Not enough physical education,” 
“Better system of grading needed,” and “More play, less rules, and 
more facilities.” 


Question 12 (For married men only): If the physical education 
department were to provide instruction and facilities to teach you 
and your wife such activities as tennis, golf, badminton, dancing, 
and swimming, would you be interested? 


Of the 164 replies, 91 per cent were in the affirmative. This 
question was included because of the large number of married vet- 
erans at Ohio State University. With 91 percent of these married 
veterans desiring physical education activities with their wives it 
would seem that a program of this type would be most desirable. 
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COMPARISONS WITH OTHER STUDIES 

The study most closely corresponding with this study was one 
conducted at Pennsylvania State College by Davis.1 This was con- 
cerned with freshmen interests in physical education activities in 
1931 and 1932. The most significant comparisons concerned student 
interests in various activities at Penn State in 1931 and Ohio State 
in 1946, The implications in comparing the two are: 

1. Basketball was the most popular sport with freshmen at 
Pennsylvania State College in 1931 and at Ohio State University 
in 1946, This game seems to have the elements of speed, skill, strat- 
egy, and competition all of which appeal to American youth. 

2. Interests have changed very little in the past 16 years. The 
following sports were favorably chosen in both surveys: basketball, 
softball, tennis, boxing, and golf. 

3. Swimming, a popular sport at Ohio State University, was 
not mentioned by Pennsylvania State College students as they had 
no swimming facilities when the study was made and they ranked 
only those activities offered specifically in their program. 

4. The activities mentioned in 1946 at Ohio State that were 
not mentioned in 1931 at Pennsylvania State College as being popu- 
lar were swimming, football, baseball, bowling, and pistol shooting. 


5. Similar physical education activities were disliked by both 
groups and included heavy apparatus, calisthenics, marching cross 
country, boxing, fencing, and wrestling. No competitive team games 
were mentioned by either group. 


COMPARISON WITH ACTIVITIES OF COMMITTEE ON 
CURRICULUM RESEARCH 

A comparison of the first ten activities chosen by the Com- 
mittee on Curriculum Research as providing “all-round contribu- 
tions’ to college men? and the first ten first-choice activities of the 
students in the physical education program at Ohio State reveals 
that six of the first ten activities listed as providing all-round contri- 
bution are indicated in the first ten first-choice activities of the Ohio 
State men. They are swimming, tennis, touch football, basketball, 
baseball, and softball. 


COMPARISONS WITH CHOICES OF BUSINESS AND 
PROFESSIONAL MEN 
It was revealed, in comparing activities participated in by busi- 


1Elwood C. Davis. “A Study of the Interests of the Pennsylvania State 
College Freshmen in Certain Formal and Natural Physical Activities,” Research 
Quarterly, 8:3 (October, 1937), p. 36. 

-2William R. LaPorte. “Seventh Annual Report of the Committee on 
Curriculum Research,” Research Quarterly, 6:2 (May, 1935), p. 3. 
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ness and professional men, as found in a study by Scott in 1927,5 
with Ohio State students, that the business and professional men 
participate in less strenuous activities than college men, although 
common to both groups were swimming, golf, tennis, and bowling. 
It was also found that college men like the more vigorous activities 
such as basketball, baseball, and football, while business and pro- 
fessional men prefer less active sports such as fishing, hunting, gar- 
dening, and calisthenics. 

This study makes no claim for reliability or objectivity ; how- 
ever, it represents a way of laying foundation material upon which 
administration and curriculum policies may be based, and also rep- 
resents an effort to arrive at the truth regarding certain physical 
education matters which are vital issues in this postwar period, 


8Harry A. Scott. “Physical Recreation and Exercises for Business Men,’ 
The Nation’s Health, 9:6 (June, 1927). 
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The Relationship Between Pre-Exercise 
and Post-Exercise Pulse Rate 
By Epwin R. ELBE 


University of Kansas 
Lawrence, Kansas 


(Submitted for publication March, 1948) 


INTRODUCTION 


OME emphasis has been placed upon the value of pre-exercise 
S heart rate in various tests designed to determine physical fit- 

ness by cardiac response to measured amounts of exercise. This 
study was done in an attempt to determine the relationship between 
the pre-exercise pulse rate and the pulse rate following prescribed 
amounts of exercise in male university students presumed to be in 
good physical condition. Students who were currently engaged in 
intercollegiate athletics or participated daily in activity courses for 
physical education majors were used as subjects. 

In order to find the relationship between the resting pulse rate 
and the increase in rate following exercise, Tuttle and Salit (4) 
conducted a study in which men and women university students 
varying in physical condition from poor to good were used as sub- 
jects. Each subject was tested once each week. over a four-week 
period. Exercise was performed on a bicycle ergometer which was 
peddled at the rate of 60 revolutions per minute for one minute and 
at the maximum rate for a period of two minutes. In addition they 
used the data on 547 male university students who had performed 
the step-up exercise at the rate of 40 steps per minute on a 13-inch 
step for a period of one minute. These investigators also used Jokl’s 
(3) data on 32 South African recruits. Jokl secured the resting heart 
rate and the post-exercise heart rate before, and at six-week inter- 
vals, during a 24-week physical training program. The subjects in 
the study conducted by Jokl participated in exercise which consisted 
in 40 knee bends for a period of one minute. 

From their data Tuttle and Salit drew the following conclusions: 

1. The size and sign of the coefficient of correlation between the resting 
heart rate and the increase in rate due to exercise depends upon the strenuous- 
ness of exercise. 

2. A group of persons whose physical condition varies from poor to good, 
during mild or moderate exercise will give either a small negative or small 
positive coefficient of correlation. 


3. Strenuous exercise results in a high negative coefficient of correlation 
between the resting heart rate and the increase due to exercise. This is due 

















PRE-EXERCISE AND POST-EXERCISE PULSE RATE 223 


to the fact that every person approaches the maximum rate, so that those with 
the lowest resting rate experience the greatest increase, whereas those with 
the higher rates experience less increase. — 
Unpublished data collected by Beecher (1) show small positive 
coefficients of correlation between the before-exercise and post-exercise 
pulse rates. Beecher’s subjects were freshmen college women. The 
step-up exercise was performed on a 16-inch step at the rate of 24 
steps per minute for a 60-second period and for a 30-second period. 
The coefficient of correlation between the resting pulse rate and the 
pulse rate taken for 30 seconds immediately after 30 seconds of 
exercise was -|-0.137. The coefficient of correlation between the 


before-exercise rate and the rate following one minute of exercise 
was +0.120. aa 
PROCEDURE 

Fifty male university students majoring in physical education 
and enrolled in courses demanding regular physical activity were 
used as subjects. Each subject was required to engage in the step-up 
exercise on a 16-inch bench during three different periods. For con- 
venience these periods will be referred to as period 1, period 2, and 
period 3. Since period 3 was divided into four bouts of exercise, 
these will be referred to as 3a, b, c, and d. Exercise in period 1, 
was for 30 seconds in duration in which a cadence of 18 steps per 
minute was used. After the subject had rested for 15 minutes he 
engaged in the second period of exercise (period 2) which was 60 
seconds in duration. A cadence of 18 steps per minute was also used 
during this period. The following day each subject participated in 
four bouts of exercise for 60 seconds each at a cadence of 36 steps 
per minute with only sufficient time between bouts to allow the pulse 
to be taken for 30 seconds (periods 3a, b, c, and d). 

The before-exercise pulse rate was taken for 30 seconds with 
the subject in a sitting position prior to periods 1, 2, and 3a. The 
after-exercise pulse rate (with subject in a sitting position) was re- 
corded for 15 and 30 seconds following exercise. As previously men- 
tioned, the elapsed time between periods 3a, b, c, and d, was only 
long enough to take the pulse rate for 30 seconds. 

A stop watch was used to assist in taking the pulse rate and the 
cadence was set by means of an electric metronome. Since the 
heavier subjects were required to perform a greater amount of work 
when measured in foot-pounds, it was considered advisable to secure 
information relative to the relationship between weight and the pulse 
rate after exercise. For this reason the weight of each subject was 
recorded prior to testing. 

All data were collected by the same tester. The step-up exercise 
was performed in the manner described by Elbel and Green (2). 

The pulse rates were recorded for 30 seconds prior to exercise 
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and for 15 and 30 seconds following exercise. These fygures were 
then converted into rates per minute. The means and standard devi- 
ations for each period were computed. Coefficients of correlation 
were determined between the before-exercise pulse rates and the in- 
crease in pulse rates following exercise. Coefficients of correlation 
between the increase in pulse rate after exercise and bodily weights 
were also computed. The critical ratio of the difference between the 
means for periods 3a, b, c, and d, were calculated. 

In order to determine the relationship between the pre-exercise 
pulse rates and the after-exercise rate, the data for each type of 
exercise were placed in three different groups in accordance with the 
pre-exercise rates. The mean rise in pulse rate was then computed 
for each group (Table IV).* 


RESULTS 

In computing the coefficients of correlation between bodily 
weights and increase in pulse rate recorded for 15 and 30 seconds 
following exercise, it was found that the range was from —.004 to 
+..162 (Table I). None of these correlations was found to be 
significant. In view of these insignificant correlations it was con 
cluded that the matter of bodily weight is not related to the amount 
of increase in pulse rate resulting from participation in prescribed 
amounts of exercise. 

The coefficients of correlation between the before-exercise pulse 
rates and those recorded for 15 seconds and 30 seconds following the 
different periods of exercise are shown in Table II, along with the 
respective means and standard deviations. The coefficients of cor- 
relation between the pre-exercise pulse rates and the rise in pulse rate 
following the mild exercise for periods | and 2 were found to be 
positive but insignificant for both the 15-second and 30-second pulse. 
With the strenuous exercise in the third period the coefficients of 
correlation are all negative and were generally found to become in- 
creasingly large with each successive bout of exercise. While these 
coefficients of correlation are generally low, a substantial negative 
correlation (—.614) is shown between the pre-exercise pulse and 
the rise for 15 seconds following period 3d. 


That the work done during period 3 was strenuous is shown 
by the fact that the mean increase in pulse rate taken for 15 seconds 
following the final bout of exercise was 95.99 beats and 87.5 for 30 
seconds following exercise. In spite of the period of slightly more 
than 30 seconds of elapsed time between bouts of exercise, a true 
difference between the mean increase for each bout was evidenced 
with the exception of the difference between means for periods 3b 
and c, for the pulse taken for 30 seconds. In this instance the critical 





*Tables will be found at end of article. 
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ratio of the mean difference was 2.94 which is significant on the one 
percent level of probability. In all other instances the critical ratio 
was above three. The obtained differences between means and critical 
ratios are shown in Table ITI. 

In an attempt to determine whether the pre-exercise pulse rate 
has a bearing upon the amount of rise in pulse rate during exercise, 
the pre-exercise pulse rates for all subjects were placed in one of 
three groupings in accordance with the exercise periods as follows: 
period 1, 58-68, 70-76, 78-100; period 2, 5@48, 70-76, 78-96; period 
3, 54-68, 70-78, 80-100. The differences between mean rise in pulse 
rate for each group for each period of exercise were then determined. 
For period 3, only the data for the rise in pulse rate following the 
hout of exercise 3d were used. The means, mean rise in pulse rate, 
critical ratios of the difference between means for pulse taken for 15 
and 30 seconds following exercise are shown in Table IV. It will be 
noted that the mean increases in pulse rate for the grouping “shown 
for periods | and 2 differ only slightly and the critical ratios of the 
mean difference are extremely small. However, following the strenu- 
ous exercise done during period 3, it is clearly shown that the group 


with the lowest resting pulse had the gredtést rise and the group with” 


the highest pre-exercise rate had the least increase due to exercise. 

Following mild or moderate work the rise in pulse rates is about 
the same within groups regardless of the pre-exercise level. For 
strenuous exercise the rise was truly higher for those with a low rest- 
ing pulse than those with a high pre-exercise pulse. In this regard 
it is interesting that the pre-exercise rate of one subject was 62. The 
pulse taken for 30 seconds after exercise showed a rise of 106 beats, 
while another subject showed a resting pulse of 100. The increase 
for the latter subject was only 68. 


DISCUSSION 

In spite of the fact that, for the most part, Tuttle and Salit (4) 
used a different form of exercise and their subjects apparently varied 
in physical condition much more than those in this study, there are 
several interesting comparisons that can be made with their data. The 
moderate exercise done by their subjects (one minute of exercise on 
bicycle ergometer 60 revolutions per minute) showed a coefficient of 
correlation of -!-0.281 for men, —0.285 for women. The moderate 
exercise in this study which was perhaps less strenuous than that of 
Tuttle and Salit gave a coefficient of correlation between the pre- 
exercise pulse rate and the increase due to exercise of -+-0.019 for 
the 15-second pulse and —0.048 for the pulse taken for 30 seconds. 
The records on 547 male college students (Tuttle and Salit) in 
which the step-up exercise was used at a cadence of 40 steps per 
minute yielded a coefficient of correlation of +-0.203 pre-exercise and 
post-exercise pulse rates. 
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In this study the coefficients of correlation between the pre- 
exercise and the pulse rates following the strenuous exercise were 
all negative whether the pulse was taken for a period of 15 seconds 
or a period of 30 seconds following exercise. The step-up exercise 
used in period 3 for this study was at a cadence of 36 steps per 
minute on a 16-inch step; Tuttle and Salit used 40 steps per minute 
on a 13-inch step. In comparing the data for the first minute of stren- 
uous exercise (period 3a) with those of Tuttle and Salit for a similar 
period it is shown that this study gave small negative correlations 
(—0.337 and —0.235) while the above-mentioned investigators se- 
cured a positive but small coefficient of correlation (+-0.203). 

It is interesting to note that during period 3 of this study the 
coefficients of correlation between the resting pulse and the pulse 
taken for 15 seconds immediately after exercise grow increasingly 
large. This is not entirely true for the pulse taken for 30 seconds 
following exercise in that there is a slight difference between the 
coefficient of correlation for periods 3c and 3d in favor of the 
former. ‘ 

It would appear that in healthy adults there is a negative rela- 
tionship between the pre-exercise pulse rate and the pulse rate follow- 
ing any activity which is sufficiently vigorous to tax the capacity of 
the circulatory system, whether the individual is in poor, fair, or 
good physical condition. 


SUMMARY AND CONCLUSION 


Fifty male nniversity students presumed to be in good physical 
condition performed the step-up exercises during three different 
periods of activity as follows: 

1. For 30 seconds at a rate of 18 steps per minute. 

2. For 60 seconds at a rate of 18 steps per minute. 

3. For four 60-second bouts of exercise at the rate of 36 steps 
per minute. 


The data for pre-exercise rates were compared with those for 
the rates following exercise. Data for increase in pulse rate due to 
exercise were also correlated with the body weight. It was determined 
that: 

1. The coefficient of correlation between body weight and in- 
creased pulse rate due to exercise is insignificant. 

2. The coefficients of correlation between the pre-exercise pulse 
rate and increase due to the step-up exercise done at the rate of 18 
steps per minute for periods of 30 and 60 seconds are positive but 
insignificant. 

3. There is a negative correlation between the pre-exercise pulse 
rate and the increase due to the step-up exercise performed at the 
rate of 36 steps per minute during four 60-second bouts of exercise. 














PRE-EXERCISE AND POST-EXERCISE PULSE RATE 227 


For the pulse taken for 15 seconds following exercise the coefficient 
of correlation becomes increasingly greater with each bout of exercise 
reaching a substantial negative coefficient of correlation (-0.614) 
following the fourth 60-second bout of exercise. The coefficients 
of correlations for the pulse taken for 30 seconds do not show the 
consistent pattern followed by the pulse taken for 15 seconds, 
although they are all negative. . 

4. Considering the three groups classified according to pre- 
exercise pulse rate, it was found that there is not a true difference 
between the mean pulse increase for groups following mild and 
moderate exercise. Following strenuous exercise there is a true 
difference between the mean increase for the group with low and the 
group with rapid pre-exercise pulse rates (Table IV). 
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TABLE I 
COEFFICIENT OF CORRELATION BETWEEN Bopy WEIGHT AND INCREASE IN PULSE 
RATE RecorpED FoR 15 anp 30 Seconps AFTER EXERCISE 
Period Period Period Period Period Period Period 


I II III Illa IIIb IIIc IIId 
Pulse for 
15 seconds 028 —.029 + .167 +.011 +.011 —.004 —013 
Pulse for 


30 seconds + .112 +.162 + .113 +.014 +.014 —.085 +.026 
To be significant coefficient of correlation must exceed .3541 on .01 level 
of probability 


TABLE II 


MEANS AND STANDARD DEVIATIONS OF PRE-EXERCISE PULSE; MEANS AND STAND- 

ARD DEVIATIONS FOR PULSE RECORDED FOR 15 SECONDS AND FOR 30 SECONDS FOL- 

LOWING EXERCISE AND COEFFICIENTS OF CORRELATIONS BETWEEN, BEFORE, AND 
AFTER EXERCISE 


Mean Mean Mean Coefficients of 
Pre- SD Increase SD Increase SD Correlations 30 
Exercise 15 seconds 30 seconds 15 seconds seconds 


Period | 73.7 925 28.75 8.20 19.5 8.28 +.029 +.021 
Period I] 74.0 9.30 365 10.55 26.3 8.65 +.019 +.048 
Period III 746 10.30 

Period Illa 69.3 11.45 62.7 1055 —337 —.235 
Period IIIb 77.9 10.50 74.7 990 —342 —.3% 
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Period IIIc 88.0 10.25 808 1085 —376 —.485 
Period IIId 95.99 11.0 875 11.30 —614 —.473 

To be significant coefficient of correlation must exceed .3541 on .01 level 
of probability. 


TABLE Ill 
DIFFERENCES BETWEEN MEANS AND CRITICAL Ratios ror Bouts oF EXercise 

IN Periop III 

Period Obt. Dif. Critical Ratio Chances in 100 
15-second pulse 

3 a—b — 8.60 3.91* 99.98 

3 bc —10.10 4.85* 99.99 

3 cd — 7.99 3.75* 99.97 
30-second pulse 

3 a—b —12.0 5.88* 99.99 

3 be — 6.10 2.94* 99.68 

3 c—d — 6.70 3.03* 99.90 


* These figures show that all critical ratios are significant on the perceild 
level of probability. 


TABLE IV 
MEANS, MEAN Rise IN Purse Rates, AND CRITICAL RATIOS FOR SUBJECTS 
Groupep AccorpING TO PRE-ExeERcis—E PULSE RATES 


Groups Mean 
Pre-ex. Pre-ex. Mean 
pulse pulse Rise Critical Ratio Chances in 100 
Pulse taken for 15 seconds after exercise 
Period I 
A 58-68 63.88 30.25 (A&B)  .677 50.34 
B 70-76 73.32 27.50 (B&C)  .466 36.16 
C 78-100 84.18 . 29.26 (A&C)  .423 32.56 
Period II 
A 56-68 63.56 38.0 (A&B)  .233 18.20 
B 70-76 — 39.0 (B&C) 1.13 74.16 
C 78-96 84.40 34.66 (A&C) 1.23 78.14 
Period III 
A 54-68 63.79 105.34* (A&B) 2.91** 99.64 
B_ 70-78 75.26 94.23* (B&C) 2.12 96.60 
C 80-100 89.88 88.0* (A&C) 4.59** 99,99 
Pulse taken for 30 seconds after exercise 
Period I 
A 58-68 63.88 21.82 (A&B)  .263 20.52 
B_ 70-76 73.32 20.96 (B&C)  .339 26.62 
C 78-100 84.18 20.20 (A&C) 658 49.08 
Period II 
A 56-68 ; 63.56 27.50 (A&B) .778 56.46 
B 70-76 72.75 25.75 (B&C) .330 25.86 
C 78-96 84.40 26.69 (A&C) .464 35.44 
' Period III 
A 54-68 63.79 95.16* (A&B) 2.27 97.68 
B 70-78 75.26 87.18* (B&C) 2.58** 99.02 
C_ 80-100 89.88 79.88* (A&C) 4.65** 99.99 


* Differenct between pre-exercise pulse and pulse taken after exercise 
period IIId. 
** Significant } one percent level of probability. 
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The Validity of Certain Tests of 
Endurance’ 


By Tuomas B, BELL 
Pomona College 
Claremont California 


(Submitted for publication September, 1947) 
INTRODUCTION 


OACHES and trainers seek to improve the endurance of their 
athletic squads so that the men under their charge can be 

counted on to maintain an optimum pace throughout the 
duration of each game or contest. This quality (endurance) 1s per- 
haps more properly known as athletic “condition,” and it seems to be 
generally accepted that “condition” is fundamental to peak perform- 
ance in all athletic endeavor. Track and swimming coaches use the 
sfop watch as an objective measure of their squads’ improvement. 
However, coaches of other athletic activities usually rely on their 
experience in subjectively evaluating their squad’s condition. It 
would certainly seem worthwhile to investigate the possibilities of 
objectively measuring such athletic “condition.” 


REVIEW OF THE LITERATURE 
Recognizing that most of our sports involve large amounts of 
running, earliest attempts at measuring condition used such per- 
formance tests as the quarter- and half-mile runs (5). These runs 
are very exhausting when the performance is “all-out,” and it is also 
recognized that success is dependent on judgment of pace, will 
power, and probably several other factors in addition to endurance. 


In considering the lap times of the participants in swimming 
races, Cureton (6) observed that the winners always had the small- 
est drop-off times throughout the race. He then devised the “‘drop- 
off index” as a performance test of endurance in swimming. Argu- 
ing that superior endurance would be indicated by a runner’s abil- 
ity to maintain his best speed over a long distance, McCloy (12) 
proposed an “endurance ratio” which is obtained by dividing a 
person’s 220-yard time by his 60-yard time. 

Flanagan (8) sought to establish the pulse-ratio test as a meas- 
ure of endurance in running. As a criterion of endurance he used 
the index developed by McCloy, 220-yard time divided by 60-yard 
time. He reportd a correlation of -.52 between the pulse-ratio test 
and the endurance index criterion for an experimental group of 51 


iFrom the Research Laboratory, Department of Physical Education, 
University of California, Berkeley. 
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track men and 5 others. A correlation of -.89 was obtained after 
omission of 9 cases who were “distinctly away from the regression 
line.” On this basis, he showed a high correlation between the phy- 
sical efficiency rating as measured by the pulse-ratio test and en- 
durance in sprint running. He also concluded that the pulse-ratio 
test is a reliable criterion of endurance. 


Henry and Kleeberger (10) did further analysis of the relation- 
ships between the pulse-ratio test and the endurance index (220/60). 
They obtained a correlation of -.50 between weight-equated pulse- 
ratio scores and the index, which confirms the correlation obtained 
by Flanagan with his unselected data. However, Henry and Klee- 
berger felt that Flanagan’s correlation of -.89 with his selected 
group was of doubtful significance. The authors also showed a par- 
tial correlation of -.46 between the pulse-ratio test and endurance 
(220-yard time), when the influence of speed (60-yard time) was 
held constant. This statistical procedure was developed from a 
consideration of theoretical and experimental evidence tending to 
indicate that the ratio index as a measure of endurance is unsound. 
It was indicated that the influence of the speed factor is not removed 
with such an index. 


Since, according to Henry and Kleeberger, endurance must be 
among the residual factors which keep 60- and 220-yard times from 
correlating perfectly, the coefficient of alienation (k) offers a meas- 
ure of the degree,to which they may be theoretically separable. 


Hodgson and her co-workers (11), in a recent study with wom- 
en subjects, reported that speed and endurance are perhaps insepar- 
able ; the anatomical, physiological, and psychological qualities of an 
individual which make a high degree of speed possible may very 
conceivably be the same ones that lead to endurance. The report pre- 
sents a number of intercorrelations among physiological and _per- 
formance measures of “exercise tolerance.’’ Ratio and drop-off in- 
dices of endurance showed smaller correlations with the physiological 
criterion than time scores in either of the runs. It was stated, how- 
ever, that the duration of such a run as the 220-yard run (approxi- 
mately 35 seconds) “makes the use of any scores derived from it of 
doubtful value in assessing the runner’s tolerance for exercise of an 
endurance nature” (11). A maximal step test and the Brouha step 
test had correlations of .74 and .64 respectively with the physiologi- 
cal criterion. Maximal steps also correlated very well with all the 
running tests except the 50-yard dash. However, the Brouha test 
correlated rather low with the running tests (below .05). Two en- 
durance indices using the 200-yard and 50-yard data, but arbitrarily 
adapted to allow for differences in speed, were developed. Their 
correlations with the other items are of the same magnitude as those 
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of the 200-yard run. High correlations with the 50-yard dash also 
indicate a predominance of the speed factor in such scores. —. 


Brouha (2) and others have used the step test to follow condi- 
dition changes in athletic squads. One hundred and twenty-five col- 
lege athletes, not all of them in competing condition, had a mean 
index score of 93.* In a separate study, crewmen and cross-country 
runners were studied before, during, and after their training periods. 
The mean index increased from 87 to 103 for 22 oarsmen, and from 
86 to 97 for the runners. — 





Taylor (14) has used his maximal pack test to follow the 
training gains in a special physical education class devoted to heavy 
physical training. A group of 10 college men tested before and after 
the training regime had a mean training gain of 75 seconds. Data 
were also presented on the Johnson-Brouha pack test, a standardized 
stepping exercise in which the duration of work is limited to five 
minutes. Taylor concluded that the test is valid when the subject 
finds the work maximal, but of very limited value when submaximal. 
Two-thirds of Taylor’s subjects found the work submaximal, in- 
dicating the test is weakest where it is used the most. 


| 
: 
| 


An extensive study of muscular endurance events common to 
physical fitness work was published in 1945 by Cureton (7) and 
co-workers. Included was a factor analysis of 28 motor endurance 
tests of the type used in the physical conditioning and testing pro- 
grams in the military services. Tests of endurance in running 
included in the study were the mile run, 1000-yard run, 300-yard | 
shuttle run, 100-yard run, and a drop-off index (1000-yard time — 
minus 10 times the 100-yard time). Test scores on each test were 
validated against a composite standard score criterion using all 28 
items. The mile run ranked first with a validity coefficient of .708, 
with the other running items ranking from medium to poor among 
the 28 tests. The drop-off index correlated .787 with the 1000-yard 
run, .654 with the mile run, .638 with the 100-yard run, and .541 
with the 300-yard shuttle run. The drop-off index, developed by | 
Cureton as a criterion of running endurance in 1942 at the Univer- | 
sity of Illinois, was thought by him to be theoretically the best 
measure of endurance conceivable. In a semester of training, the | 
improvement was 5 percent of the standard score scale. The step | 
test had low correlations with all the running tests, the largest being 
.310 with the mile run. However, the step test showed a mean gain | 
of 11 percent over the conditioning period. 

| 


ee 


In an unpublished study (4), Cozens has suggested a test de- 
signed to measure endurance in running without producing undue 





*Any score above 90 is considered to indicate “excellent” physical efficiency. 
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fatigue. In establishing the criterion, groups of runners were timed 
on runs up to 300 yards in length. His study showed that “the 
point of greatest ‘fade’ lies somewhere between 220 and 300 yards,” 
indicating that a 300-yard run is of sufficient length to show that 
endurance is operating. In order to establish a test of endurance 
which would not produce undue fatigue, Cozens developed a regres- 
sion equation to predict 300-yard time from the times on runs of 150 
yards and 75 yards, plus another element obtained from these times. 
This combination had a multiple R=.955 with the 300-yard time and 
had a standard error of estimate of .835 seconds. The records of 13 
athletes in training showed actual 300-yard times which were faster 
than those predicted for them on the basis of the regression equation. 
Cozens suggested that coaches might determine the condition of 
squad members by comparing actual 300-yard times with predicted 
times. Since the regression equation was computed for untrained 
men, the implication was that athletes in training should run faster 
than the time predicted for them. The use of straight predicted time 
to indicate change in physical condition of an athletic team was also 
suggested. 


It should be noted that little work has been reported on the 
measurement of condition of athletic squads other than in track. The 
sustained running in most of our sports activities leads first to our 
considering the tests for measuring endurance in running. The Taylor 
and Browha tests also offer possibilities in that the exercises used 
are quite severe and of sufficient duration to bring into play the phy- 
siological mechanisms associated with endurance. These tests, like 
the long endurance runs, are rather difficult to administer and are 
very exhausting. Theoretically, all endurance runs may be attacked 
on the premise that they are measuring running skill, judgment of 
pace, and will power, in addition to endurance. The several ‘“endur- 
ance” indices fall down in their attempt to get at the endurance factor 
because of their failure to seperate it from the speed factor. The 
concept proposed by Cozens (the difference between predicted and 
actual times for an endurance run) is another attempt to solve this 
same problem and seems worthy of investigation. 


When running tests are used, one must also consider the type 
of group being tested. It is apparent that the mean time on an en- 
durance run for a track group should not be directly compared with 
that for another sports group as a measure of endurance. The past 
training and individual abilities are different for two such groups. 
These factors, as well as endurance, would be compared by such a 
technique. Also, an additional and important factor to be considered 
is the willingness of the runners to put forth an all-out effort. Henry 
(9) has shown that psychological factors are significantly correlated 
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with performance in a 330-yard run. 


Improvement in time on an endurance run after an extended 
conditioning period is another device for estimating improved con- 
dition. However, one must consider that a runner’s time reflects his 
running ability and willingness to run in addition to his endurance. 
Throughout the conditioning period, a track squad should certainly 
improve in running ability (practice effect) as well as in endurance. 
A second athletic squad, other than track, -despite large amounts of 
running in connection with its conditioning program, would not be 
expected to improve as much in running ability because no attempt 
is made to develop running skill, Thus, at the time of the retest with 
such a squad, the running ability and willingness to ‘put out” 
would be reasonably comparable to that at the first testing. There- 
fore, any improvement would appear to have been largely caused by 
increased endurance. ; 


METHOD 


Two groups of athletes were used in the study. The first was 
the University of California freshman basketball squad (1946-47) 
and the second was a group of men who were candidates for the 
University of California track team (1947). Both the basketball and 
track groups were tested in the fall during the early part of their 
training. The basketball group was tested again late in the season at 
a time when each player was considered by the coach to be in fine 
playing condition. The track group was retested late in April at 
which time each man was in top competing form. 


The basketball squad had approximately five weeks of pre- 
season practice prior to starting a schedule of 27 games. In all, this 
squad participated over a season of 4% months in length, from 
November into early March. Twenty men completed all the tests, 
sixteen remaining on the squad throughout the season. The four 
remaining players dropped out of the squad for various reasons. 
However, they continued active basketball participation elsewhere 
and were retested as part of the experimental group on the basis of 
an expected gain in condition comparable to that of the squad mem- 
bers. Several other men who took the initial tests were necessarily 
dropped from the experimental group. Three of these left the squad 
and did not continue any sort of training, though they were retested 
at the same time as the others for experimental purposes. The others 
in this group either dropped from the squad and could not be reached 
or incurred injuries late in the season and were not retested. 


The track group was comprised mainly of sprinters, hurdlers, 
and middle-distance men. The men started their training in a fall 
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track program and then continued into the more intense work of 
the regular spring track season. The group had daily workouts 
much of the fall and during most of the spring, and at the climax of 
the season all the men in the group had varsity or junior varsity 
standing and were actually competing. Of the twenty men initially 
tested, only twelve continued training and were retested to constitute 
the experimental track group. The remainder dropped from training, 
although four were secured for retesting. 


The performance measures used were the 75-, 150-, and 300- 
yard times and the score on the Taylor Pack Test (14). The men 
ran in pairs to provide competitive spirit and all were timed by the 
writer who operated two 1/5-second watches. An effort was made to 
have two watches on each runner, and except for a few cases, an 
experienced timer, also’ using two watches, worked with the writer. 
The two sprints were run the same day, each man running 75 yards 
first, then resting 15 minutes before running 150 yards. The 300- 
yard run was done on a subsequent day. In the fall tests, conditions 
were such that in many cases a lapse of from one to two weeks oc- 
curred between tests on the sprints and on the 300. This period be- 
tween tests was reduced to about one week on the average in the 
spring tests. It must be conceded that a training gain may have ac- 
crued to some during the intervening period between tests in the fall. 
However, our main interest is the sprinting ability of each subject 
at the time he ran the endurance race (300). Since very little change 
in sprinting ability was to be expected over such a short period of 
time, especially with the basketball men, the established times would 
certainly seem acceptable. The time lapse in the spring tests seems 
of even less importance because the subjects were probably main- 
taining a level of condition through the last few weeks of the season. 


An effort was made to motivate each subject on each run. The 
runs by the track men were in a large measure considered to be 
regular time-trials, a regular part of their training. The track coaches 
were always present and it was generally known that they were 
cognizant of each man’s race and the time he made. The men warmed 
up as for any regular race, and were started by one of the caches. 
The writer, also head coach of the freshman basketball squad, used 
as much persuasion and brought as much pressure to bear as seemed 
advisable to motivate the basketball men. They also warmed up be- 
fore each race and were started by one of the track coaches. The 
track men ran in spiked track shoes while the basketball men ran in 
regulation basketball shoes. All men used wooden starting blocks. 


Most of the basketball men had little or no knowledge of how 
a race of 300 yards should be run. In order to provide uniformity 
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the following standardized instructions were given to all: “Get a 
powerful start and run the straightaway (110 yards) using about 
nine-tenths effort; run the turn (110 yards) at from three-fourths 
to seven-eighths effort, and finish with a full effort.” This approxi- 
mates the analysis by Bresnahan and Tuttle (1) of how untrained 
men might best run a race of this length, and is also comparable to 
the technique used by Cozens. In the main, the men felt they had run 
about as good a race as they were capable of running. 


The Taylor Pack Test was given to both groups in the fall 
and the basketball group was retested at the climax of the season. 
It was considered advisable not to retest the track group since the 
resultant stiffness and soreness probably would have upset the nec- 
essary routine of their midseason conditioning. In the Taylor test, 
the subject mounts and dismounts an 18-inch stool at the rate of 40 
steps a minute, while aided by a hand-hold on a crossbar 6 feet 
high, and directly in front. The subject wears a pack sack and starts 
the exercise with one 10-pound weight inserted in the sack. Ten- 
pound weights are added each two minutes thereafter as long as the 
subject can continue. The subject is requested to continue the ex- 
ercise as long as possible, “that is, until fatigue limits the perform- 
ance.” The score is the time from the start to exhaustion, with an 
arbitrary correction for height, which was worked out by Taylor on 
the basis of a correlation between height and raw scores. The neces- 
sity for strong motivation was recognized and each subject was 


continually urged to keep at it and prodded repeatedly to produce 
his best effort. 


It was necessary to establish fall scores (early in season) and 
spring scores ( peak condition) on the various measures of endurance 
for each man and then to evaluate the change taking place over the 
conditioning period. Other than the straight times on each run and 


the pack test scores, a number of additional measures were deter- 
mined. 


From the times on the three runs the following indices were 
established for each man: 300/75, 300/150, and 300-4(75), the lat- 
ter being the “drop-off.” 


Using Cozens’ concept, the predicted time for 300 yards was 
established for each man. This predicted time is available from pub- 
lished tables (13) which are based on Cozens’ multiple regression 
equation and which use the man’s 75- and 150-yard times. The 
difference between each man’s predicted time and his actual time 
for 300 yards was also calculated. 


In addition, two regression equations to predict 300-yard time 
from only the 75-yard time were determined. The first equation was 
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calculated from the data used by Cozens in establishing the origina! 
multiple regression equation (above). The second equation was 
determined from the data on the basketball squad used in this study. 
Both fall and spring data were used; that is, an average mean, 
standard deviation, and correlation coefficient (r) were calculated. 
From these equations, additional predicted times and differences 
(predicted time minus actual time) were obtained for the experi- 
mental groups. 


TABLE I 


MEAN Scores BerorE AND AFTER TRAINING 
AND SIGNIFICANCE OF CHANGE 
Basketball Squad (n = 20) 

Mean Time in Seconds 


Test Fall Spring C.R. 
300-yard time 40.16 38.89 4.57 
Drop-off (300-4x75) 3.08 2.09 2.91 
Ratio (300/75) 4.33 4.23 2.78 
Ratio (300/150) 2.18 2.13 2.23 
Pack Test 504.6 533.4 . 1.98 
150-yard time 18.44 18.22 1.78 
75-yard time 9.27 9.20 1.68 

TABLE II 


MeAN Scores BEFORE AND AFTER TRAINING 
AND SIGNIFICANCE OF CHANGE 
Track Squad (n = 12) 
Mean Time in Seconds 


Test ; Fall Spring Ca. 
150-yard time 16.80 16.08 5.37 
300-yard time 35.58 34.26 4.99 
75-yard time 8.63 8.42 3.93 
Ratio (300/75) 4.13 4.07 2.03 ; 
Drop-off (300-4x75) 1.11 0.63 1.98 
Ratio (300/150) 2.12 2.13 (—).79 

TABLE III 


SIGNIFICANCE OF CHANGES IN PREDICTED TIMES 
Propucep BY TRAINING 
Predicted times and differences between predicted and actual times based on: 
(a) 75- and 150-yard regression equation of Cozens, 
(b) 75-yard regression equation using Cozens’ data, 
(c) 75-yard regression equation using basketball data. 
Basketball Group Track Group 





Test C.R. (n = 20) C.R. (n = 12) 
(a) Predicted Time {P.T.) 2.35 5.22 
Difference (P.T.—A.T.) 2.08 (—).73 
(b) Predicted Time (P.T.) 1.68 1.23 ; 
Difference (P.T.—A.T.) 2.47 1.22 
(c) Predicted Time (P.T.) 1.57 
Difference (P.T.—A.T. 3.88 


With each measure or index of endurance, it was first necessary 
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to obtain the difference between the fall score and spring score for 
each man. Then mean differences were obtained for each measure, 
which is the same as the difference between the mean of the fall 
scores and the mean of the spring scores. Critical ratios (C.R.) were 
calculated according to the method of small sample statistics.? 


EXPERIMENTAL RESULTS AND DISCUSSION 


It is readily apparent from the data on the basketball group 
(Table I) that the time on the 300-yard run showed the most sig- 
nificant change as the athletic condition of the basketball players im- 
proved during the training period. It is of interest that the 75- and 
150-yard times had the smallest critical ratios, considerably below 
the .05 level of confidence. The ratios and drop-off indices had sig- 
nificant critical ratios, though they were appreciably lower than that 
with the 300-yard time. 


Following the 300-yard time, the next most significant change 
was alteration in the differences between predicted time and actual 
time for 300 yards (calculated from the regression equation predict- 
ing 300-yard time from 75-yard time, as shown in Table III). The 
differences calculated from the regression equation based on both 75- 
and 150-yard times as a prediction of 300-yard time were of rather 
low significance. The underlying principle behind this difference be- 


tween actual and predicted time, as we have seen, lies in a considera- 


tion of the correlation between time on an endurance run and sprint 
times. If it is accepted that this correlation is explained mainly by 
the presence of a speed factor in both runs (the sprint being mainly 
speed), then endurance must be among the residual factors which 


cannot exceed \ 1-r® ( Coefficient of Alienation). This difference then, 
seeks to remove the speed factor, as represented by the predicted 
time, so as to leave the endurance factor in the residuals, as sug- 
gested by Henry and Kleeberger (10). 


Certainly the high correlation between the sprints and the 300- 
yard run as shown in Cozens’ study, would indicate an abundance 
of speed in the 300-yard run and a rather small amount of residual 
endurance. In seeking to investigate this concept further, the regres- 
sion equation to predict 300-yard time from only the 75-yard time 
was worked out. This equation was based on a correlation of r=.911 
whereas the original multiple regression equation, adding the 150- 
yard time, had a multiple R=.955. Theoretically, inclusion of the 


2Most of the modern textbooks on statistics discuss small sample statistics. 
(See, for example, Guilford, J. P. Fundamental Statistics in Psychology and 
Education. New York: McGraw-Hill, 1942, p. 130.) Using this method, a 
difference that is significant at, say, the one percent level of confidence 
has the same statistical significance regardless of the number of individuals 
in the sample. A larger C.R. is of course uired if the number of individuals 
is small, but this is taken into account by the method. 
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150-yard time, which should contain more of the endurance factor 
than the 75, would increase this correlation and so decrease the 
amount of residual endurance with which to work. Then with the 
difference between predicted and actual time, the inclusion of 150- 
yard data in the predicted time causes an increased amount of the 
endurance factor to be removed This seems to be borne out by the 
data on the basketball group as the C.R. rises from 2.08 to 2.47 
when only the 75-yard time is used for predicting purposes (Table 
III). A corresponding increase is seen with the track squad, the 
C.R. rising from —.733 to +1.22. (The difference, using the orig- 
inal regression equation, showed a decrease on the average over 
the track season.) Using the regression equation obtained from the 
basketball data where the correlation between 75- and 300-yard time 
(r==.370) was much lower than in Cozens’ data, the C.R. jumped 
to 3.88. 


Generalizations from the data on the track group must be made 
with caution. However, analysis of the changes in the various meas- 
ures helps to clarify the worth of these concepts as group measures 
of endurance. This group improved significantly on all the runs, 
with most improvement being shown on the 150-yard run. This 
sprint improvement is also reflected in the high C.R. for the pre- 
dicted time, which is calculated from these sprint times. This speed 
improvement is in contrast to that of the basketball group which 
showed only a slight improvement on the sprints, though both 
groups showed improvements in the 300-yard run. It was indi- 
cated earlier that time in a run is influenced by a number of fac- 
tors, which might be summed up as running ability plus endurance. 
With the majority of these runners specializing in sprint work, 
though they all had occasional practice in runs up to 352 yards (1/5 
mile), a large “practice effect” would be expected to accrue, espe- 
cially in the sprints. It follows also, that improved running ability 
in addition to increased endurance is reflected in the better time on 
the 300-yard run. However, with the basketball group, since little 
improvement in running ability is indicated, most of the improve- 
ment in 300-yard time is probably due to increased endurance. 


-In view of the data, the use of such endurance indices or ratios 
as measures of endurance is of questionable value. Attempts to eli- 
minate the speed factor from time on the 300-yard run only result 
in lower critical ratios than are obtained using the 300-yard run 
alone, Indeed, it appears that the apparent strength of these critical 
ratios is dependent on the improved 300-yard time, and where im- 
proved sprint time is also a factor, as with the track group, these in- 
dices are appreciably less significant. In fact, the track group shows 
less endurance on the retest than on the first test, as measured by 
indices using the 150-yard times in combination with 300-yard times. 
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The trends indicated above have bearing on the theoretical de- 
vices attempting to separate speed and endurance with runs such 
as these. The ditiereace between actual and predicted time seems best 
in theory and has the most significant change during training. 


It should also be pointed out that the raw scores on a run such 
as 300 yards may have little value in estimating present endurance. 
The track squad has consistently better raw scores than the basket- 
ball group, but it must be considered that the raw scores evidently 
reflect running ability and willingness as well as endurance. How- 
ever, the data do indicate that improvements in the various en- 
durance measures, 300-yard times in particular, are measures of 
changing athletic condition. 


The improvement in condition of the basketball squad, as meas- 
ured by the maximal pack test, is of low significance, being just be- 
low the .05 level (Table 1). This C.R., of course, is considerably 
lower than that obtained with the 300-yard times. 


‘The use of the pack test in this study has been enlightening in 
regard to its worth as a performance measure. Correlations between 
the pack test and 300-yard times were —.37 for the basketball group 
and —.49 for the track group. No reliability figures are available on 
the test. However, it appears that this may be comparable with our 
other performance measures. The correlation between test and re- 
test (the training period intervening) is .79. Comparable coefficients 
of .68 and .83 respectively for the ordinarily reliable 300-yard and 
75-yard runs were obtained. Though these figures are not presented 
as reliability coefficients, they serve to indicate that the reliability 
of the pack test probably does not restrict its validity. 


Regarding its validity, Taylor has presented a study of pack 
test scores and athletic performance test scores on a group of 35 
men, He concludes that “no one obtained a good athletic score unless 
he achieved a high pack-test score” (14). No correlation coefficient 
was presented. However, from the scattergram it was computed as 
r=.30. Also, om inspection it is clear that the two men ranking sec- 
and third on the athletic test rank no better than eleventh and twelfth 
on the pack test, and of the 17 men scoring above the median on the 
athletic test only 10 of them were above the median on the pack test. 
This observation is not in agreement with Taylor’s statement. The 
test battery used is of the type developed in the armed services as a 
measure of physical fitness, and probably could not be defended as 
a measure of general athletic ability. In consideration of the obtained 
correlation, and the nature of the athletic test used, the implication 
that exercise tolerance (as measured by the pack test) is fundamen- 
tal to athletic ability seems very questionable. 
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It is conceivable that though the pack test did not indicate any 
appreciable gain in the basketball players’ condition, it may be a valid 
test of some form of exercise tolerance. However, such validity must 
be dependent on the all-out performance of the subjects—i.e., ex- 
haustion. It was felt by the writer that the subjects in this experi- 
ment did very well on the test; the basketball squad on retest had a 
mean score equal to that obtained by Taylor with ten men who 
ranked in the upper ten percent of the college student body in athle- 
tic tests; still, it was very apparent that few of the basketball men 
were in a state of exhaustion at the end. The athletes in the present 
study were surely well acquainted with the competitive type of all- 
out performance. However, such knowledge conceivably could result 
in a limited performance on the part of some subjects when con- 
fronted with a severe exercise having little to do with actual com- 
petitive effort. This argument could apply to the use of an endurance 
run as well, though the writer feels that the basketball group ap- 
peared to show considerably less aversion to the runs than to the 
pack test. In conclusion, it appears that the maximal pack test to a 
high degree is affected by the willingness of the subjects to give an 
all-out performance, yet under strong motivation or compulsion it 
may give valid measures of some form of exercise tolerance. 


Many of the subjects of this study were subjected to physiologi- 
cal measurement by F. M. Henry and W. E. Berg.® They were 
tested in early training and again during the latter’ part of the com- 
petitive season at times comparable with the performance tests. Com- 
plete records were obtained on only 16 basketball players. However, 
it is significant that oxygen-debt measures were appreciably better 
than the best performance measures as indicators of improved con- 
dition. Critical ratios were as follows: 


Oxygen Debt 300-Yard Run Pack Test 
C.R. 4.88 3.34 


bo 


55 


While a test such as 300-yard time has a reliability coefficient 
of over .90, Berg reports a reliability of only .62 for the oxygen-debt 
measures. The contention that the oxygen-debt measure is more valid 
is thus supported, since its advantage would be even greater, rela- 
tively, when corrected for attenuation. 


SUMMARY AND CONCLUSIONS 


A freshman basketball squad of 20 players and a second group 
of 12 varsity runners made up the two experimental groups studied. 
The athletes were tested early in their conditioning period and again 





8F, M. Henry, personal communication. 
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late in their competitive season. The test included times on the 75-, 
150-, and 300-yard runs and scores on a maximal pack test. 


On the basis of findings with the basketball squad, it may be 
concluded : 


1. That the time on 300 yards showed the most significant 
change over the season and appears to be the most effective perform- 
ance measure of improved condition. 


2. That various endurance indices based on work decrement 
and adjustment for speed were all of less value than the 300-yard 
time in detecting the change in condition. 

3. That the change in condition as detected by the maximal 
pack test was of low significance, being just below the .05 level. 


The track group was improved significantly in all three runs, 
the largest change being in 150-yard time. The so-called “endurance 
indices” were of little value in detecting condition change in this 
group. ; 

It should be emphasized that with performance measures such 
as the 300-yard run, the scores are probably affected by factors other 
than endurance. These would include judgment of pace and running 
skill; also of importance is the willingness to go “all-out.” Thus, 
time on such runs would not be of much value in estimating the 
present condition of a group, However, the change over a condition- 
ing period does seem to offer a practical measure of improved con- 
dition. Where an athletic squad receives no particular track practice 
it should be expected that such factors would be cancelled out in the 
test-retest comparisons, and the improvement would be largely in 
endurance 
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ANATOMY 


Washburn, Sherwood L. Sex differences in the pubic bone. Am. J. Phsy. 
Anthrop., N.S., 6:2 (June, 1948). 


The length of the pubis and ischium was measured on 300 human skeletons 
of known race and sex in the collection of the Hamann Museum at Western 
Reserve University. The pubis is shorter in Negroes than in Whites. The pubis 
is relatively longer in females than males. The ischium-pubis index averages 
15% higher in females than in males, and the sex of over 90% of skeletons can 
be determined by this proportion. The size of the subpubic angle and many 
other characters which distinguish the female pelvis are dependent on the pubic 
bone. The sex difference in the sciatic notch belongs to an entirely different 
anatomical system. The combination of an observation on the notch and the 
ischium-pubis index will determine the sex of almost any skeleton. 


Gardner, Ernest. The innervation of the knee joint, Anat. Rec., 101: 1 
(May, 1948). 
The gross and miscroscopic distribution of nerves,to the human knee joint 


was studied in dissections of adult joints and in serial sections of fetal joints. 
The articular nerves are derived from the femoral, obturator, tibial, common 
peroneal, and recurrent peroneal nerves. Cases recorded in the literature in- 
dicate that on rare occasions the accessory obturator nerve also supplies the 
knee joint. There is marked individual variation in the gross distribution of 
articular nerves. Within the joint, however, the area of supply of a particular 
nerve is rather constant. There is considerable overlap of various nerves. 
Many of the nerve fibers undoubtedly end in association with the blood vessels 
supplying the capsule and epiphyses. Other fibers form small but numerous 
bundles in the connective tissue of the posterior part of the capsule. If the knee 
j¢int of man is similar to that of other animals studied previously, propriocep- 
tive endings are numerous in this region. 


Gray, John E. Congenital absence of the tibia. Anat. Rec., 101: 3 (July, 
1948). 


A case of congenital absence of the tibia, talus, navicular, cuneiforms, 2 
metatarsals, and the 3 medial toes is described. The tibialis posterior, extensor 
hallucis longus, extensor digitorum brevis, abductor hallucis, flexor hallucis 
brevis, Ist and 2nd lumbricals, transverse head of adductor hallucis and the 
medial interosseous muscles were also absent. A large supernumerary muscle 
“peroneo-tarsus” was present. Other muscles had abnormal insertions. The 
muscular abnormalities were not connected with the segmental nerve supply. 
It is suggested that the defect extended to include the corium of the medial side 
of the sole. The great saphenous vein, the saphenous nerve and muscular 
branches of the medial plantar nerve were also absent. The literature is re- 
viewed. A critical survey of possible causes of the defect is made. It has not 
been possible to assign a cause for the abnormality. A few of the transmissions 


from father to son are cited in the literature. Two cases of occurrence of the 
defect in siblings are also cited. 
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BIOCHEMISTRY 


Mancini, Roberto E. Histochemical study of glycogen in tissues. Anat. Rec., 

101: 2 (June, 1948). 

A histochemical study of glycogen was carried out in different tissues, com- 
paring chemical fixatives with frozen-dried sections and smears. The iodine- 
reaction was carried out in a non-polar solvent so as to avoid the use of water 
and to permit the study of frozen-dried sections with a minimum of artifacts, 
avoiding displacement, extraction, and hydrolysis of glycogen. With this tech- 
nique glycogen appears in greater amounts and is more regularly distributed 
than with chemical fixation. Glycogen was found to be homogeneously dis- 
tributed in the cytoplasm of cells of cartilage, liver, vaginal and skin epithelium, 
endometrium, fatty tissue, placenta, kidney, and in the glycogenic organ of the 
chicken. A granular distribution was found in muscle and leucocytes. During 
skin regeneration an increased amount of glycogen and a wider distribution is 
observed. These results are compared with those obtained with chemical fixa- 
tion and the true distribution of glycogen in the cell is discussed. 


HEALTH EDUCATION 


Maxwell, Cyrus H. Administration of school health service. School Life, 

30:8 (May, 1948). 

A short review of the literature was made to attempt to reveal trends in the 
administration of school health services from 1920 to 1947. The administration 
and financing of the school health program is still overwhelmingly under educa- 
tional authority, especially on the local level, and shows no particular trend 
toward a change in administration. This study is informative relative to the 
responsibilities for legal administration, by state and local units, employment 
of public health nurses, and financing of the school health program. 


NUTRITION 


Glickman, Nathaniel, Harold H. Mitchell, Edward H. Lambert, and Robert W. 
Keeton. The total specific dynamic action of high-protein and high-carbo- 
hydrate diets on human subjects. J. Nutrition, 36:1 (July, 1948). 

From the results of experiments on 12 young men, using 2 types of meals 
containing about 1,000 cal., practically the same content of fat calories, and 7 
and 37% of protein calories, the following information was obtained: 

1. The rate of accumulation of extra calories above the basal level follows 
a sigmoid curve, the accelerating phase terminating at about 1.5 hours after the 
high-carbohydrate meals, and 2 to 2.5 hours after the high-protein meals. There- 
after, the rate of accumulation of extra calories is well described by the equa- 
tion expressing the law of diminishing returns. 

2. From equations of the latter type fitted to the experimental data, the 
total S.D.A. was calculated and found to average 17% of the calories of the 
high-protein meals, and 10% of the calories of the high-carbohydrate meals. 

3. Compared to even the lightest types of muscular activity, the S.D.A. of 
food seems to be a small item in the energy economy of man. 


Sognnaes, Reidar F. Experimental rat caries. I. Production of rat caries in 
the presence of all known nutritional essentials and in the absence of coarse 
food particles and the impact of mastication. J. Nutrition, 36:1 (July, 
1948). 

Two experiments have been carried out to test whether masticatory injury 
to the enamel is essential for the production of rat caries, as has been claimed in 
recent years. 
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Evidence has been presented that a purified ration, adequate in knows 
nutrients, is conducive to rat caries independently of the presence of coarse 
food particles and the impact of mastication. Demonstration of a caries-con- 
ducive mechanism operating before tooth eruption, the absence of enamel frac- 
tures and attrition, and the persistence of weakly supported overhanging enamel 
walls surrounding undermining caries, all tend to indicate that the described 
lesions are not caused by mechanical injury to the teeth. No difference can be 
found between the histopathology of the rat caries here presented and presently 
established findings in man. 


Murlin, John R., Thaddeus A. Szymanski, and Elizabeth C. Nasset. Creati- 
nine nitrogen percentage as a check on the biological values of proteins. 

J. Nutrition, 36:1 (July, 1948). 

Creatinine excretion in human subjects is quite constant (mean deviation 
from the mean is less than 5%) despite ingestion of various proteins in the 
diet. If the creatinine nitrogen as a percentage of the total urinary nitrogen is 
plotted against the biological value of the dietary proteins, determined by the 
nitrogen balance method, a straight line is obtained. This relationship holds 
over a range of biological values from 42 for wheat gluten to 100 for whole 


fresh egg proteins. The data from 14 nitrogen balance experiments on man are 
included. 


Radomski, Jack L., Geoffrey Woodard, and Arnold J. Lehman. The toxicity 
of flours treated with various “improving” agents. /. Nutrition, 36:1 (July, 
1948). 

Bread made from flour which has been treated with agene, a commonly used 
“improving” agent whose active ingredient is NCl,, produces running fits in 
dogs. This property is not possessed by any other important bleaching agent. 
Apparently a combination of NCl, with the protein of flour is the basis of the 
toxicity. Gluten can be heavily treated with NC1, to yield a product which 
produces running fits in dogs after a single administration, as contrasted to 
normally treated flour which requires at least a week of feeding large quan- 
tities to produce fits. The ED 50 (effective dose 50%) of gluten “saturation- 
treated” with NCl. is approximately 3.5 gm per kilogram. The reaction 


_ product of NC1, and either tyrosine, tryptophane, cystine, cysteine, or methio- 


nine is not responsible for this phenomenon. The production of central nervous 
system disorders by agene-treated gluten is not a phenomenon peculiar io the 
dog, but rather a toxic reaction common to several species, notably the rabbit 
and cat. However, rats, guinea pigs, and monkeys appear upon gross observa- 
tion to be unaffected. The rabbit may offer numerous advantages as an assay 
animal over the dog. 


Hawley, Estelle E., John R. Murlin, Edmund S. Nasset, and Thaddeus A. Szy- 
manski. Biological value of six fat-extracted proteins, J. Nutrition, 36:1 
(July, 1948). ” 

This is part of a cooperative endeavor, proposed by the Bureau of Biolog- 
ical Research of Rutgers University, to resolve discrepancies regarding pro- 
tein utilization of different animal species. The present paper deals with the 
determination of biological values of 6 proteins using human subjects (6 fe- 
males, 8 males). The “non-protein” portion of the diet supplied adequate 
calories (35% from fat), minerals, and vitamins and contained about 0.2 gm N 
per day. The protein-free periods were preceded by a period of low intake of 
whole fresh egg. The test proteins furnished 2.44 to 5.33 gm N per day, de- 
pending upon their anticipated biological value. The biological values obtained 
were: powdered whole egg, 94; egg albumen, 91; cooked casein, 68 and 69; 
beef powder, 67; raw casein, 56; peanut, 56; wheat gluten, 42. 
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Physical Education 


Bookwalter, Kar! W. A study of the Brouha step test. The Physical Educa- 

tor, 5:3 (May, 1948). 

The Brouha Step Test was administered to 1,269 ASTP students at In- 
diana University in December, 1943, as a part of the regular testing program. 
As measured, it does not appear that the Brouha Step Test is related to phys- 
ical fitness as measured by the Army physical education test items, nor to age, 
height, weight, and 100 yd. pick-aback and 300-yard dash. 


Franklin, C. C., and Lehsten, N. G. Indiana physical fitness test for the ele- 
mentary level (grades 4 to 8). The Physical Educator, 5:3 (May, 1948). 
Norms for the elementary schools for the Indiana State Physical Fitness 

Test were set up. These norms were based on over 4,000 cases, boys and girls, 

and were set up for Classification Index I grouping for both boys and girls. 

The directions for giving the test are also given as are a sample of the individ- 

ual test card and an adapted table for computing Classification Index I for ages 

9-17 and heights 48-78 inches. 


Physiology 


Strandskoy, Herluf H., and Sara Einhorn. On the relation between age of 
mother and percentage of stillbirth in the total, the “white,” and the 
“colored” U.S. populations. Am. J. Phys. Anthrop., N.S., 6:2 (June, 1948). 
The percentages of stillbirth for 9 different age groups of mothers are cal- 

culated. The data include 30,397,158 births (live and stillbirths combined). 
It is found that the percentage of stillbirth for young mothers (age 10-14) is 
high (6.70%); this decreases for each successive age group up to age 
group 25-29 (3. 00%), and then rises gradually to a peak of 8.09% at the end 
of the reproductive span of the human female. The differences between most 
of the successive age groups are found to be statistically significant. The same 
trend is found for the “white” and the “colored” populations considered sep- 
arately but the percentage of stillbirth for each age group of mother within 
the “colored” population is significantly higher than each of the corresponding 
ones for the “white.” The differences in percentages of stillbirth with respect 
to age of mother are concluded to be due primarily to differences in function of 
the endocrine system. The racial difference is considered to be due primarily to 
environmental factors. 


Morrison, Peter R. Oxygen consumption in several mammals under basal 
conditions. J. Cell. and Comp. Physiol., 31:3 (June, 1948). 
Measurements of oxygen consumption in 9 species of small wild mammals, 

rodents, insectivores, and bats, were carried out under close to basal conditions. 

Similar measurements were made, on white mice and the value obtained (7.6 

cal/gm hr. or 17.6 cal/gm 7hr.) compared well with those of other authors on 

this animal. The results on the wild mammals in each group were compared 
to each other and to data on related species in the literature. The 3 orders 
appear to form distinct groups in respect to basal metabolism. The average 

values in cal/gm 7%hr. were: rodents, 17.1; insectivores, 30; and bats, 4.5. 


Taylor, Clara M., Orrea F. Pye, and Anne B. Caldwell. The energy expendi- 
ture of 9- and 1l-year-old boys and girls (1) standing drawing and (2) 
dressing and undressing. J. Nutrition, 36:1 (July, 1948). 

Using a respiration chamber the energy expenditure of 7 boys and 12 
girls, 9 to 11 years of age, selected from a home for children and from a pri- 
vate school, has been measured while they stood drawing as though at the 
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blackboard in school and while they were dressing and undressing. Eleven 
determinations were obtained on the boys, 14 on the girls. 


For standing drawing the average expenditure by the boys was 3.19 cal. 
per kilogram per hour (125% above their average basal metabolism) or 0.83 
cal. per centimeter of height per hour (137% above the average basal metabo- 
lism). For this activity the girls averaged 2.62 cal. per kilogram per hour 
(76% above their average basal metabolism) or 0.63 cal. per centimeter of 
height per hour (80% above the average basal metabolism). For dressing and 
undressing the average expenditure by the boys was 4.29 cal. per kilogram per 
hour (202% above their average basal metabolism) or 1.09 cal. per centimeter 
of height per hour (211% above the average basal metabolism). The girls for 
this activity averaged 4.04 cal. per kilogram per hour (171% above their average 
basal metabolism) or 1.00 cal. per centimeter of height per hour (186% above 
the average basal metabolism). 


MISCELLANEOUS 


Carter, Gerald C. Are lady professors hard to please? School and Society, 

68:1749 (July 3, 1948). 

One hundred fifty-five instructors and 4,904 students at Purdue University 
were involved in the study. Instructors were asked to rate students on the 
following scale: 6, superior; 5, very good; 4, average; 3, poor; 2, very poor; 
1, inferior. Critical ratios of differences between the means of the categories 
established according to sex of students and rater indicated a significant differ- 
ence between men and women raters. Women were less generous than men 
in ratings issued for both men and women instructors. Female students re- 
ceived higher ratings than male students from both the male and female in- 
structors. 


Franseth, Jane. Measuring the effects of supervision. School Life, 30:9 
(June, 1948). 


This is a tentative report of the evaluation of supervision in several county 
schools in comparison with non-supervised county schools in Georgia. Standard- 
ized tests have been administered and some of the results are indicated in this 
article. The results indicate that the schools receiving supervision are pro- 
ducing broader understandings and greater achievements. 
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Editorial Policies 


The following policies should be observed in the preparation 
of manuscripts for publication in the Quarterly: 


Manuscripts—Manuscripts should be sent to the Editor who 
will see that each one is read by at least three members of the Board 
of Associate Editors. The Editor will advise the author as to the 
suitability of the paper or the desirability for revision. Papers are 
not judged by arbitrary standards of length but on their content of 
new research results in the field of physical education, health educa- 
tion, and recreation, presented with the greatest brevity compatible 
with scientific accuracy and clarity. 


Since three members of the Board of Associate Editors review 
an article it is requested that at least two copies of the manuscript 
(the original and a clear carbon) be submitted in order to facilitate 
reviewing. The carbon copy will be returned to the author for 
checking against galley proofs. Manuscripts should be double spaced. 


Documentation.—I{ footnotes are used they should be identified 
in the text with superior figures numbered consecutively throughout 
the paper. They should be separated from the text by lines running 
across the page. References to sources should be indicated by num- 
bers placed in parentheses at the point of reference. These numbers 
correspond to entries in the bibliographical or reference list placed 
in alphabetical order at the end of the article. Attention of writers 
is drawn to the fact that, generally speaking, a bibliography lists a 
number of sources not all of which are cited in the text, and a 
reference list shows only those sources specifically referred to in 
the text. Quarterly authors are urged to submit only reference lists 
with articles. 


Book publishers and periodicals do not always agree on the way 
in which footnotes and bibliographical items should be set up, nor 
do authors always include all of the necessary information. In general 
a reference to a source shows the author’s name, title of book, place 
published, publishing house, year of publication. If the reference 
is to an article in a periodical the author’s name, title of article, title 
of periodical, volume, inclusive pages, and year are usually written 
in that order : 


Ogden, Jean, and Jess Ogden. Small Communities in Action. New York 
City: Harper & Brothers, 1946. (books) 


Deaver, G. G. Exercise and heart disease. Research Quarterly, 10:24-34, 1939. 
(periodicals) 


If these items appear in a bibliography or reference list, the last 
name appears first for obvious reasons. In footnotes this is optional. 
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While Quarterly style is preferred a modification of it may be 
used if the essential information is given. 


Illustrations.—Charts, graphs, etc., are required in many in- 
stances. Only figures which aid in clarifying the article should be 
included. Authors are required to pay the excess if total illustration 
costs exceed $25.00. Figures (and tables) should be prepared with 
the size of the Quarterly page (41%x7 inches) in mind, with the idea 
of conserving vertical space. Photographs and shaded figures are 
expensive to reproduce; if used they should be on glossy paper and 
of the size desired in reproduction. 


Illustrations must be ready for photoengraving without further 
retouching or redrawing. Plotted curves, guide lines, lettering, etc. 
should be done with india ink. If the eriginal drawings are much 
larger than final printed size, size of letters and heaviness of lines 
must be adequate to allow for the effects of reduction. Either origi- 
nals or good clear photostats (preferably reduced to final size) may 
be submitted. Copies of all material should be retained by the author. 
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